F 

JC09Rec'dPCT/PrO 2 6 SEP. 2001 



GAMBROFORM 

PTO 1390 US DEPARTMENT OF COMMERCE PATENT AND TRADEMARK OFFICE 

TRANSMITTAL LETTER TO THE UNITED STATES 
DESIGNATED/ELECTED OFFICE (DO/EO/US) 
CONCERNING A FILING UNDER 35 U.S.C. 371 



ATTORNEY'S DOCKET NUMBER 
GAMBRO-256 



U.S. APPLICATION NO. (if known, see 37 CFR 1 5) 

09/937738 



INTERNATIONAL APPLICATION NO. 
PCT/SEOO/00614 



INTERNATIONAL FILING DATES 
30 MARCH 2000 



PRIORITY DATE CLAIMED 
30 MARCH 1999 



TITLE OF INVENTION METHOD AND APPARATUS FOR STERILISING A HEAT SENSITIVE FLUID 



APPLICANT(S) 
FOR DO/EO/US 



Raymond EDGSON, et al. 



Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items and other information: 

1. [x] This is a FIRST submission of items concerning a filing under 35 U.S.C 371. 

2. This is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 U.S.C. 371 . 

3. j^xjThis is an express request to promptly begin national examination procedures (35 U.S.C. 371 (f)). 



4. x Tne us nas been elected by the expiration of 19 months from the priority date (PCT Article 31). 



5. [x] A copy of the International Application as filed (35 U.S.C. 371 (c)(2)) 

a. is attached hereto (required only if not transmitted by the International Bureau). 

b. £xj has been communicated by the International Bureau. 

c. [^J is not required, as the application was filed in the United States Receiving Office (RO/US). 

6. j^j An English language translation of the International Application as filed (35 U.S.C. 371 (c)(2)). 
Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 371 (c)(3)) 



7 


X 




a. 




b. 




c. 




d. 


8. 




9. 


1 


10. 


□ 



An English language translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 371 
(c)(3)). 

9. ~x] An oath or declaration of the inventor(s) (35 U.S.C. 371 (c)(4)). (Unexecuted) 

•nglish language translation of the annexes to the International Preliminary Examination Report under 
Article 36 (35 U.S.C. 371 (c)(5)). 

Items 11. to 16. below concern documents) or information included: 

1 1 . [x] An Information Disclosure Statement under 37 CFR 1 .97 and 1 .98. w/PTO-1 449, 10 references 

12. | | An assignment document for recording. A separate cover sheet in compliance with 37 CFR 3.28 & 3.31 
is included. 

13. [~X~] A FIRST preliminary amendment. 

[ | A SECOND or SUBSEQUENT preliminary amendment. 

14. [x] A substitute specification. 

15. j^j A change of power of attorney and/or address letter. 

16. [x] Other items or information: 

-Substitute Abstract 

-Marked-up copy of the specification 

-Copy of International Application as published 

-Copy of International Preliminary Examination Report 

-Four (4) Sheets Formal Drawings 

EXPRESS MAIL LABEL NO. _EL804522415US 

DATE: September 28. 2001 



VrUriec'dPCT/PTD 2^ SEP 



US. APPLICATION NO. fif known, see 37 CFR 1.5) 



INTERNATIONAL APPLICATION NO. 
PCT/SE00/00614 



ATTORNEY'S DOCKET NUMBER 
GAMBRO-256 



17. 



The following fees are submitted: 



s 

□ 
□ 
□ 
□ 



BASIC NATIONAL FEE (37 CFR 1.492 (a) (1) - (5)): 

Neither international preliminary examination fee (37 CFR 1 .482) nor 

international search fee (37 CFR 1 445(a)(2)) paid to USPTO 

and International Search Report not prepared by the EPO or JPO 

International preliminary examination fee {37 CFR 1 .482) not paid to 
USPTO but International Search Report prepared by the EPO or JPO . 

International preliminary examination fee (37 CFR 1 .482) not paid to USPTO 
but international search fee (37 CFR 1.445(a)(2)) paid to USPTO 

International preliminary examination fee paid to USPTO (37 CFR 1 .482) 
but all claims did not satisfy provisions of PCT Article 33(1 )-(4) .... 

International preliminary examination fee paid to USPTO (37 CFR 1 482) 
and all claims satisfied provisions of PCT Article 33(1 )-(4) 



$1 ,000.00 

$860.00 
$710 00 
$690.00 

Sinn on 



CALCULATIONS pto use only 



ENTER APPROPRIATE BASIC FEE AMOUNT = 



1,000.00 



Surcharge of $130.00 for furnishing the oath or declaration later than 
[ [20 | [30 months from the earliest claimed priority date (37 CFR 1 .492 (e)). 



CLAIMS 



NUMBER FILED NUMBER EXTRA 



RATE 



Total claims 



*44 -20 = 



24 



$18.00 



432.00 



Independent claims 



2-3' 



$80.00 



MULTIPLE DEPENDENT CLAIM(s) (if applicable) 



$270.00 



TOTAL OF ABOVE CALCULATIONS = 



1,432.00 



□ Applicant claims small entity status. See 37 CFR 1 .27. The fees 
indicated above are reduced by Yz. 



SUBTOTAL : 



1,432.00 



Processing fee of $130.00 for furnishing the English translation later than 
| [20 | [30 months from the earliest claimed priority date (37 CFR 1 .492 (f)). + 



TOTAL NATIONAL FEE = 



1,432.00 



Fee for recording the enclosed assignment (37 CFR 1.21 (h)). Assignment 
must be accompanied by appropriate cover sheet (37 CFR 3.28, 3.31 ) + 
( $40.00 per property). 



TOTAL FEES ENCLOSED = 



1,432.00 



*As In Preliminary Amendment 



Amount to be: 
Refunded 



Charged 



a. | [ A check in the amount of 

b. ["xj Please charge my Deposit Account No. 



to cover the above fees is enclosed. 
12-1095 in the amount of $ 1,432.00 



to cover the above fees. A duplicate copy of this sheet is enclosed, 
c. x The Commissioner is hereby authorized to charge any additional fees which may be required or credit 

any overpayment to my Deposit Account No. 1 2-1 095 . A duplicate copy of this sheet is enclosed. 

NOTE: Where an appropriate time limit under 37 CFR 1.494 or 1.495 has not been met, a petition to revive 
(37 CFR 1.137 (a) or (b)) must be filed and granted to restore the application to pending status. 

SEND ALL CORRESPONDENCE TO: 



Lerner, David, Littenberg, 
Krumholz & Mentlik, LLP 

600 South Avenue West 
Westfield, NJ 07090 
Telephone 908 654-5000 
Facsimile 908 654-7866 



" * " " " ' ' £2>~rr 



Signature 

ARNOLD H. KRUMHOLZ 



Name 

25,428 



Registration Number 



410RecyPCT/PTO 2 8 SEP 2D0\ 



PATENT 
GAJYIBRO 3 .3-256 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Patent Application of 
Raymond EDGSON et al . 

International Application No. 
PCT/SE00/00614 

International Filing Date: 
30 March 2000 

For: METHOD AND APPARATUS FOR 

STERILISING A HEAT SENSITIVE 
FLUID 



Commissioner for Patents 
Washington, D.C. 20231 



Group Art Unit : 
Examiner : 

Date: September 28, 2001 



X 



PRELIMINARY AMENDMENT 



Sir: 



Preliminary to initiation of the prosecution of the 
above- identified pending U.S. patent application, the following 
amendments and remarks are respectfully submitted. 
IN THE TITLE 

Amend the title to now read: "METHOD AND APPARATUS FOR 
STERILIZING A HEAT SENSITIVE FLUID". 
IN THE ABSTRACT 

Please delete the Abstract as filed and substitute 
therefor the attached revised Abstract. 
IN THE SPECIFICATION 

Please amend the Specification in accordance with the 
attached revised Specification. 
IN THE CLAIMS 

Please cancel claims 1-40 and add new claims 41-84. 

41. (NEW) A method for sterilizing a heat sensitive 
fluid comprising providing a first heat sensitive fluid 
component, providing a second fluid component, heating said 
second fluid component to a first temperature, said first 
temperature being greater than a predetermined sterilizing 
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temperature, mixing said first heat sensitive fluid component 
with said heated second fluid component, whereby said first heat 
sensitive fluid component is heated and said heated second fluid 
component is cooled, and a mixed fluid is provided at a second 
temperature, said second temperature being at least said 
predetermined sterilizing temperature, and maintaining said mixed 
fluid at said second temperature for a predetermined sterilizing 
period, whereby a predetermined sterilizing dose is obtained for 
delivery to a recipient. 

42. (NEW) The method of claim 41 including 
controlling said heating of said second fluid component to said 
first temperature to ensure that said mixed fluid reaches said 
second temperature . 

43. (NEW) The method of claim 41 including cooling 
said mixed fluid. 

44. (NEW) The method of claim 41 wherein said first 
heat sensitive fluid component comprises a component selected 
from the group consisting of glucose and a glucose polymer. 

45 . (NEW) The method of claim 41 wherein said second 
fluid component comprises water. 

46. (NEW) The method of claim 45 wherein said second 
fluid component includes electrolytes. 

47. (NEW) The method of claim 46 wherein said 
electrolytes are selected from the group consisting of sodium 
chloride, calcium chloride, magnesium chloride, potassium 
chloride, sodium bicarbonate, and sodium lactate. 

48. (NEW) The method of claim 41 including preheating 
said first heat sensitive fluid component. 

49. (NEW) The method of claim 41 including 
maintaining said first heat sensitive fluid component and said 
second fluid component under a predetermined pressure sufficient 
to prevent boiling of said first heat sensitive fluid component 
and said second fluid component. 

50. (NEW) The method of claim 49 wherein said 
providing of said first heat sensitive fluid component and 
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providing of said second fluid component comprises providing 
flows of said fluid components. 

51. (NEW) The method of claim 50 wherein said flow of 
said first heat sensitive fluid component comprises a first flow 
rate and said flow of said second fluid component comprises a 
second flow rate, said second flow rate being greater than said 
first flow rate. 

52. (NEW) The method of claim 50 including 
determining said first and second flow rates by means of a 
weighing device or a flow meter, and maintaining said first heat 
sensitive fluid component and said second fluid component at said 
predetermined pressure by means of a pump. 

53. (NEW) The method of claim 50 wherein said heat 
sensitive fluid component comprises a complex fluid comprising a 
plurality of first fluid components including said first heat 
sensitive fluid component, and including sequentially sterilizing 
said plurality of first fluid components. 

54. (NEW) The method of claim 53 including providing 
a plurality of sources of concentrate fluid components for each 
of said plurality of first fluid components, providing a source 
of said second fluid component, said second fluid component 
comprising water, pumping one of said plurality of sources of 
said concentrate fluid components so as to increase the pressure 
thereof, pumping said water so as to increase the pressure 
thereof, and repeating said method for each of said plurality of 
first fluid components. 

55. (NEW) The method of claim 54 including preheating 
each of said plurality of first fluid components before said 
mixing with said heated second fluid component. 

56. (NEW) The method of claim 55 wherein said 
preheating comprises heat exchanging each of said plurality of 
said first fluid components with said predetermined sterilized 
dose . 

57. (NEW) The method of claim 56 wherein said 
preheating comprises initially heating said second fluid 
component by heat exchange with said predetermined sterilized 
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dose, and further preheating said second fluid component to said 
first temperature by means of a separate heater. 

58. (NEW) The method of claim 57 wherein said 
separate heater comprises an electric heater. 

59. (NEW) The method of claim 58 including 
controlling said further preheating of said second fluid 
component by means of a temperature sensor downstream of said 
maintaining of said mixed fluid at said second temperature, 
whereby said second temperature is maintained at said at least 
said predetermined sterilizing temperature. 

60. (NEW) The method of claim 41 including dissolving 
at least one powdered substance in said second fluid component to 
provide at least one of said first heat sensitive fluid 
components and said second fluid component. 

61. (NEW) The method of claim 41 including providing 
a third heat sensitive fluid component, and mixing said first 
heat sensitive fluid component and said third heat sensitive 
fluid component with said heated second fluid component. 

62. (NEW) The method of claim 61 wherein said third 
heat sensitive fluid component comprises water and at least one 
amino acid. 

63. (NEW) Apparatus for sterilizing a heat sensitive 
fluid comprising a first vessel containing a first heat sensitive 
fluid component, a second vessel containing a second fluid 
component, a first heater for heating said second fluid component 
to a first temperature, said first temperature being greater than 
a predetermined sterilizing temperature, mixing means for mixing 
said first heat sensitive fluid component with said second fluid 
component to obtain a mixed fluid at a second temperature at 
least equal to said predetermined sterilizing temperature, and 
residence means for maintaining said mixed fluid at said second 
temperature for a predetermined sterilizing period, whereby a 
sterilized fluid is provided for delivery to a recipient. 

64. (NEW) The apparatus of claim 63 including a 
controller for controlling said first heater to obtain said first 
temperature . 
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65. (NEW) The apparatus of claim 63 including a 
cooler for cooling said mixed fluid. 

66. (NEW) The apparatus of claim 63 wherein said 
first heat sensitive fluid component comprises a component 
selected from the group consisting of glucose and a glucose 
polymer. 

67. (NEW) The apparatus of claim 63 wherein said 
second fluid component comprises water. 

68. (NEW) The apparatus of claim 67 wherein said 
second fluid component includes an electrolyte. 

69. (NEW) The apparatus of claim 68 wherein said 
electrolyte is selected from the group consisting of sodium 
chloride, calcium chloride, magnesium chloride, potassium 
chloride, sodium bicarbonate and sodium lactate. 

70. (NEW) The apparatus of claim 63 including a 
preheater for preheating said first heat sensitive fluid 
component . 

71. (NEW) The apparatus of claim 63 including 
pressurizing means for maintaining said first heat sensitive 
fluid component and said second fluid component at a 
predetermined pressure to prevent said first heat sensitive fluid 
component and said second fluid component from boiling. 

72. (NEW) The apparatus of claim 63 wherein said 
first heat sensitive fluid component and said second fluid 
component comprise fluid flows. 

73 . (NEW) The apparatus of claim 72 wherein said 
fluid flow of said first heat sensitive fluid component has a 
first flow rate and said fluid flow of said second fluid 
component has a second flow rate, said second flow rate being 
greater than said first flow rate. 

74 . (NEW) The apparatus of claim 73 including flow 
rate determining means for determining said first and second flow 
rates, said pressurizing means comprising a pump. 

75 . (NEW) The apparatus of claim 74 wherein said flow 
rate determining means comprises a weighing device or a flow 
meter. 
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76. (NEW) The apparatus of claim 72 wherein said 
first heat sensitive fluid component comprises a plurality of 
first fluid components including said first heat sensitive fluid 
component, and including means for sequentially sterilizing each 
of said plurality of first fluid components and said second fluid 
component . 

77. (NEW) The apparatus of claim 76 wherein said 
means for sequentially sterilizing includes supply means for 
supplying said plurality of first fluid components, said first 
vessel comprising a plurality of containers for concentrates of 
said plurality of first fluid components, said second vessel 
comprising an inlet for said second fluid component, a 
concentrate pump for pumping one of said plurality of first fluid 
components from one of said plurality of containers whereby the 
pressure of said one of said first fluid components is increased, 
a water pump for pumping said second fluid component, said second 
fluid component comprising water, whereby the pressure of said 
second fluid component is increased, said heater comprising a 
water heater for heating said second fluid component to said 
first temperature, said mixing means comprising a mixer for 
mixing said one of said plurality of first fluid components and 
said heated second fluid component to provide said mixed fluid, 
said residence means comprising means for maintaining said mixed 
fluid at said first temperature for a predetermined sterilizing 
period to provide a sterilized dose for delivery to a recipient, 
and including control means for controlling and repeating said 
sequential sterilizing of each of said plurality of first fluid 
components to provide a final sterilized complex fluid. 

78. (NEW) The apparatus of claim 77 including 
preheating means for preheating said one of said plurality of 
first fluid components. 

79. (NEW) The apparatus of claim 78 including a heat 
exchanger for recovering heat from said sterilized dose. 

80 . (NEW) The apparatus of claim 79 wherein said heat 
exchanger preheats said second fluid component by heat exchange 
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with said sterilized dose, and including a heater for heating 
said second fluid component to said first temperature. 

81. (NEW) The apparatus of claim 8 0 including a 
temperature sensor downstream of said residence means for 
controlling said heater, whereby said first temperature comprises 
a temperature at least sufficient to constitute said sterilizing 
temperature . 

82. (NEW) The apparatus of claim 63 wherein at least 
one of said first and second vessels includes at least one 
powdered substance for dissolution in water to provide at least 
one of said first and second fluids. 

83 . (NEW) The apparatus of claim 63 including a third 
vessel for containing a third heat sensitive fluid component. 

84. (NEW) The apparatus of claim 83 wherein said 
third heat sensitive fluid component comprises water and at least 
one amino acid. 

REMARKS 

The above-noted cancellation of claims 1-40, and 
addition of new claims 41-84, as well as the submission of a new 
Abstract and revisions to the Specification, are respectfully 
submitted prior to initiation of the prosecution of this 
application in the U.S. Patent and Trademark Office. 

The above-noted new claims are respectfully submitted 
in order to more clearly and appropriately claim the subject 
matter which applicants consider to constitute their inventive 
contribution. No new matter is included in these amendments. In 
addition, the revisions to the Abstract and Specification are 
submitted in order to clarify and correct the Abstract and 
Specification and to conform them to all of the requirements of 
U.S. practice. No new matter is included in these amendments. 

In view of the above, it is respectfully requested that 
these amendments now be entered, and that prosecution on the 
merits of this application now be initiated. If, however, for 
any reason the Examiner does not believe such action can be 
taken, it is respectfully requested that he telephone applicant's 



-7- 



Application No. PCT/SE00/00614 



attorney at (908) 654-5000 in order to overcome any objections 
which he may have. 



If there are any additional charges in connection with 



this requested amendment, the Examiner is authorized to charge 
applicant's Deposit Account No, 12-1095 therefor. 



6 00 South Avenue West 
Westfield, NJ 07090-1497 
Telephone: (908) 654-5000 
Facsimile: (908) 654-7866 

329545_1.DOC 



Respectfully submitted, 



LERNER, DAVID, LITTENBERG, 
KRUMHOLZ & MENTLIK, LLP 




ARNOLD H . KRUMHOLZ 
Reg. No. 25,428 
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COPY MARKED TO SHOW REVISIONS 

METHOD AND APPARATUS FOR STERILISING STERILIZING A HEAT 

SENSITIVE FLUID 

FIELD OF INVENTION 

[0001] The present invention relates to a method and device 
apparatus for producing a sterile medical solution. More 
specifically, the present invention relates to a method and 
device — apparatus for producing a sterile medical solution 
comprising a heat sensitive component, such as glucose. 
BACKGROUND OF THE INVENTION 

[0002] Medical solutions intended for mammals, specifically 
for use in humans, are required to be sterile before being 
infused or applied to the mammal. 

[0003] One available method for stcriliaing sterilizing a 
solution is to heat the solution to a otcrilising sterilizing 
temperature and to hold the solution at the 
□tcrilioing sterilizing temperature during a 

storilising sterilizing time period . To obtain a sterile 
medical solution intended for infusion, the solution is 
normally heated in an autoclave to 121°C for 20 minutes to 
thereby produce said sterile medical solution. After the 
Gtcrilioing sterilizing time has elapsed, the solution should 
be cooled to a physiologically acceptable temperature before 
infusion. 

[0004] Known methods and apparatus for 

stcriliaing sterilizing a solution are disclosed^ ±aa for 

example^ GB 1150030, GB 1504334, CD 203458 4 in British Patent 
Applications Nos . 1,450,030; 1,504,334; and 2,034,584, and—US 
5603 8 94 in U.S. Patent No. 5,603,894 . These prior art 
publications describe the preparation of a medical solution 
starting from tap water and producing pure water via by means 
of a reverse osmosis device, mixing a concentrate with the 
pure water to produce a non-sterile medical solution, passing 
the non-sterile medical solution through an on-line autoclave 
and delivering the sterile medical solution to a recipient, 
such as a storage bag or a patient. 
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[0005] In the prior art, the complete medical solution is 
first prepared in a non-sterile condition and then passes 
through an autoclave. If the medical solution comprises heat 
sensitive components, these must not be exposed to too high a 
temperature. Normally, the temperature is increased up to the 
otcrilioing sterilizing temperature and the medical solution is 
maintained at the otcrilioing sterilizing temperature for a 
otcrilioing sterilizing time period . If the temperature is 
121°C, which is normal in an autoclave, the 
stcrilioing sterilizing time is 2 0 minutes to obtain a 

otcrilioing sterilizing dose^ F 0 ^ of 2 0 minutes, see as 

discussed below #e*= further details . Since the 

otcrilioing sterilizing effect is approximately exponential, an 
increase of the temperature by 10°C means a lowering of the 
otcrilioing sterilizing time by ten times . If a 
otcrilioing sterilizing temperature of 131°C is used, the 
otorilioing sterilizing time should be 2 minutes, and if a 
stcrilioing sterilizing temperature of 141°C is used, the 
otorilioing sterilizing time should be 12 seconds, in order to 
obtain a otcrilioing sterilizin g effect^ F 0 ^ of 20 minutes. 
[0006] If the medical solution comprises a heat sensitive 
component, like glucose, that component will deteriorate 
during the heat treatment. An example of a medical solution 
containing a heat sensitive component is a dialysis fluid for 
peritoneal dialysis (PD) . The decomposition or heat 
deterioration starts at a much lower temperature than the 
otcrilioing sterilizing temperature and is also p resent aloo at 
room temperature. In order to safeguard the heat sensitive 
material, very short heating and cooling periods are desired 
so that the time/temperature profile becomes more or less 
rectangular. This is of greater importance if high 
otcrilioing sterilizing temperatures and short 

otcrilioatio n sterilization times are used. 

[0007] It is known to produce sterile medical solutions by 
including the medical solution in a bag and placing the bag 
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inclusive of the medical solution^ in an autoclave for heating 
and o tcrilisat ion s terilizat ion . 

[0008] A variant of this method is described in 
International Application No. WO 93/09820, in which the 
medical solution is divided into two portions, one comprising 
glucose at high concentration and the other comprising the 
rest of the solution. The double bag is heat 
stcriliscd sterilized in an autoclave. Shortly before use, the 
contents of the two chambers are mixed to produce the sterile 
medical solution. In this way, the heat sensitive component, 
glucose, can be autoclaved under more appropriate conditions, 
such as at a low pH of approximately pH=3 . 2j_ and at a high 
concentration of approximately 50%, i.e. 500 g rams of glucose 
per litre liter of glucose solution. 

[0009] A variant of the same methods is described in 
International Application No. WO 97/05852 disclosing a three- 
chamber-bag, in which two of the chambers comprise glucose 
solution and the third chamber comprises the rest of the 
solution. The glucose chambers may also include ionic 
components , such as like calcium, magnesium and sodium. 

[0010] A further variant is described in patent 

application PCT/SE9 8 /0214C International Application No. 

WO 99/27885 . 

[0011] In the afore—mentioned concepts, the glucose portion 
is otcriliacd sterilized separately from the remaining portion 
of the solution. However, in order to fully sterilise the 
large compartment, the small glucose compartment may be over 
stcriligcd sterilized, resulting in deterioration of the heat 
sensitive component. A remedy for that problem is described in 
Swedish patent application SB — No. 9803627-0, filed at the 
Swedish Patent Office on October 23, 1998. 

[0012] The problem of deterioration of a substance during 
autoclaving is also recognised in other fields of use, such as 
the production of sterile milk products. In order to obtain a 
— rapid heating and cooling of the product, it is not 
sufficient to use heat transfer via — by means of a heat 
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transferring surface, like a heat exchanger. Instead, the 
product is mixed with steam at a predetermined temperature and 
pressure to condense the steam in the milk product. The milk 
product is storiliocd sterilized by retention in a holding zone 
for a certain time period and at a temperature of from about 

120 to 150°C, and is then transferred to a flash cooling 

step, in which water is evaporated in an evaporation chamber 
to rapidly cool the product. Such a process is described in, 
for example, International Application No. W O 98/07328. 
DISCLOSURE OF INVENTION 

[0013] A — first One object of the present invention is to 
provide a method and device apparatus for producing a sterile 
medical solution having a gentle treatment of the heat 
sensitive component. 

[0014] Another object of the present invention is to 
provide a method and devico — apparatus in which inexpensive 
heaters and heat exchangers can be used. 

[0015] A third object of the present invention is to 

provide a method and device apparatus for 

storilising sterilizing a medical solution in which the 
time/temperature profile for heating the heat sensitive 
component is essentially rectangular. 
SUMMARY OF THE INVENTION 

[0016] In accordance with the present invention, these and 
other objects have now been realized by the invention of a 
method for sterilizing a heat sensitive fluid comprising 
providing a first heat sensitive fluid component, providing a 
second fluid component, heating the second fluid component to 
a first temperature, the first temperature being greater than 
a predetermined sterilizing temperature, mixing the first heat 
sensitive fluid component with the heated second fluid 
component, whereby the first heat sensitive fluid component is 
heated and the heated second fluid component is cooled, and a 
mixed fluid is provided at a second temperature, the second 
temperature being at least the predetermined sterilizing 
temperature, and maintaining the mixed fluid at the second 
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temperature for a predetermined sterilizing period, whereby a 
predetermined sterilizing dose is obtained for delivery to a 
recipient. Preferably, the method includes controlling the 
heating of the second fluid component to the first temperature 
to ensure that the mixed fluid reaches the second temperature. 
[0017] In accordance with one embodiment of the method of 



the present invention, the method includes cooling the 


mixed 


fluid. 




[0018] In accordance with another embodiment of the 


method 


of the present invention, the first heat sensitive 


fluid 


component comprises glucose or a glucose polymer. 




[0019] In accordance with another embodiment of the 


method 



of the present invention, the second fluid component comprises 

water. Preferably, the second fluid component includes 

electrolytes, such as sodium chloride, calcium chloride, 
magnesium chloride, potassium chloride, sodium bicarbonate, or 
sodium lactate. 

[0020] In accordance with another embodiment of the method 
of the present invention, the method includes preheating the 
first heat sensitive fluid component. 

[0021] In accordance with another embodiment of the method 
of the present invention, the method includes maintaining the 
first heat sensitive fluid component and the second fluid 
component under a predetermined pressure sufficient to prevent 
boiling of the first heat sensitive fluid component and the 
second fluid component. Preferably, providing of the first 
heat sensitive fluid component and providing of the second 
fluid component comprises providing flows of these fluid 
components. In a preferred embodiment, the flow of the first 
heat sensitive fluid component comprises a first flow rate and 
the flow of the second fluid component comprises a second flow 
rate, the second flow rate being greater than the first flow 
rate . 

[0022] In accordance with another embodiment of the method 
of the present invention, the method includes determining the 
first and second flow rates by means of a weighing device or a 
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flow meter, and maintaining the first heat sensitive fluid 
component and the second fluid component at the predetermined 
pressure by means of a pump . 

[0023] In accordance with another embodiment of the method 
of the present invention, the heat sensitive fluid component 
comprises a complex fluid comprising a plurality of first 
fluid components including the first heat sensitive fluid 
component, and the method includes sequentially sterilizing 
the plurality of first fluid components. In a preferred 
embodiment, the method includes providing a plurality of 
sources of concentrate fluid components for each of the 
plurality of first fluid components, providing a source of the 
second fluid component, the second fluid component comprising 
water, pumping one of the plurality of sources of the 
concentrate fluid components so as to increase the pressure 
thereof, pumping the water so as to increase the pressure 
thereof, and repeating the method for each of the plurality of 

first fluid components . Preferably, the method includes 

preheating each of the plurality of first fluid components 
before the mixing with the heated second fluid component. 
Most preferably, the preheating comprises heat exchanging each 
of the plurality of the first fluid components with the 
predetermined sterilized dose. Preferably, the preheating 
comprises initially heating the second fluid component by heat 
exchange with the predetermined sterilized dose, and further 
preheating the second fluid component to the first temperature 
by means of a separate heater, preferably comprising an 
electric heater. Preferably, the method includes controlling 
the further preheating of the second fluid component by means 
of a temperature sensor downstream of the maintaining of the 
mixed fluid at the second temperature, whereby the second 
temperature is maintained at the at least the predetermined 
sterilizing temperature . 

[0024] In accordance with another embodiment of the method 

of the present invention, the method includes dissolving at 
least one powdered substance in the second fluid component to 



-6- 



provide at least one of the first heat sensitive fluid- 
components and the second fluid component. 

[0025] In accordance with another embodiment of the method 
of the present invention, the method includes providing a 
third heat sensitive fluid component/ and mixing the first 
heat sensitive fluid component and the third heat sensitive 
fluid component with the heated second fluid component. 
Preferably, the third heat sensitive fluid component comprises 
water and at least one amino acid. 

[0026] In accordance with the present invention, an 
apparatus has also been discovered for sterilizing a heat 
sensitive fluid comprising a first vessel containing a first 
heat sensitive fluid component, a second vessel containing a 
second fluid component, a first heater for heating the second 
fluid component to a first temperature, the first temperature 
being greater than a predetermined sterilizing temperature, 
mixing means for mixing the first heat sensitive fluid 
component with the second fluid component to obtain a mixed 
fluid at a second temperature at least equal to the 
predetermined sterilizing temperature, and residence means for 
maintaining the mixed fluid at the second temperature for a 
predetermined sterilizing period, whereby a sterilized fluid 
is provided for delivery to a recipient. Preferably, the 
apparatus includes a controller for controlling the first 
heater to obtain the first temperature. 

[0027] In accordance with one embodiment of the apparatus 
of the present invention, the apparatus includes a cooler for 
cooling the mixed fluid. 

[0028] In accordance with another embodiment of the 
apparatus of the present invention, the first heat sensitive 
fluid component comprises glucose or a glucose polymer. 
[0029] In accordance with another embodiment of the 
apparatus of the present invention, the second fluid component 

comprises water. Preferably, the second fluid component 

includes an electrolyte, including sodium chloride, calcium 
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chloride, magnesium chloride, potassium chloride, sodium 
bicarbonate or sodium lactate. 

[0030] In accordance with another embodiment of the 
apparatus of the present invention, the apparatus includes a 
preheater for preheating the first heat sensitive fluid 
component . 

[0031] In accordance with another embodiment of the 
apparatus of the present invention, the apparatus includes 
pressurizing means for maintaining the first heat sensitive 
fluid component and the second fluid component at a 
predetermined pressure to prevent the first heat sensitive 
fluid component and the second fluid component from boiling. 
[0032] In accordance with another embodiment of the 
apparatus of the present invention, the first heat sensitive 
fluid component and the second fluid component comprise fluid 
flows. Preferably, the fluid flow of the first heat sensitive 
fluid component has a first flow rate and the fluid flow of 
the second fluid component has a second flow rate, the second 
flow rate being greater than the first flow rate. Preferably, 
the apparatus includes flow rate determining means for 
determining the first and second flow rates, the pressurizing 

means comprising a pump. Preferably, the flow rate 

determining means comprises a weighing device or a flow meter. 
[0033] In accordance with another embodiment of the 
apparatus of the present invention, the first heat sensitive 
fluid component comprises a plurality of first fluid 
components including the first heat sensitive fluid component, 
and the apparatus includes means for sequentially sterilizing 
each of the plurality of first fluid components and the second 
fluid component. In a preferred embodiment, the means for 
sequentially sterilizing includes supply means for supplying 
the plurality of first fluid components, the first vessel 
comprising a plurality of containers for concentrates of the 
plurality of first fluid components, the second vessel 
comprising an inlet for the second fluid component, a 
concentrate pump for pumping one of the plurality of first 
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fluid components from one of the plurality of containers 
whereby the pressure of the one of the first fluid components 
is increased, a water pump for pumping the second fluid 
component, the second fluid component comprising water, 
whereby the pressure of the second fluid component is 
increased, the heater comprising a water heater for heating 
the second fluid component to the first temperature, the 
mixing means comprising a mixer for mixing the one of the 
plurality of first fluid components and the heated second 
fluid component to provide said mixed fluid, the residence 
means comprising means for maintaining the mixed fluid at the 
first temperature for a predetermined sterilizing period to 
provide a sterilized dose for delivery to a recipient, and 
including control means for controlling and repeating the 
sequential sterilizing of each of the plurality of first fluid 
components to provide a final sterilized complex fluid. 
Preferably, the apparatus includes preheating means for 
preheating the one of the plurality of first fluid components. 
Most preferably, the apparatus includes a heat exchanger for 
recovering heat from the sterilized dose, the heat exchanger 
preheating the second fluid component by heat exchange with 
the sterilized dose, and the apparatus including a heater for 
heating the second fluid component to the first temperature. 
Most preferably, the apparatus includes a temperature sensor 
downstream of the residence means for controlling the heater, 
whereby the first temperature comprises a temperatu re at least 

i r r - ■ ■- ■■ * ' — " " ' 

sufficient to constitute the sterilizing temperature. 
[0034] In accordance with another embodiment of the 
apparatus of the present invention, at least one of the first 
and second vessels includes at least one powdered substance 
for dissolution in water to provide at least one of the first 
and second fluids. 

[0035] In accordance with another embodiment of the 
apparatus of the present invention, the apparatus includes a 
third vessel for containing a third heat sensitive fluid 
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component . Preferably, the third heat sensitive fluid 

component comprises water and at least one amino acid. 
[0036] Thus, — there — is — provided, — according A ccording to the 
present invention, a method of stcrilising sterilizing a heat 
sensitive fluid is provided , comprising providing the fluid as 
a first heat sensitive component and a second less heat 
sensitive component; heating the second component to a first 
temperature higher than a predetermined otGrilioing sterilizing 
temperature; mixing the first component with the second 
component to thereby heat the first component and cool the 
second component, whereby the mixed components obtain a mixing 
temperature, which is at least equal to said — stcrilising the 
sterilizing temperature; maintaining said the mixed components 
at substantially said — stcrilising the sterilizing temperature 
during a s t cr i 1 ioat ion s terilizat ion time period, so that a 
predetermined sterilisation s terilizat ion dose is obtained; and 
delivering said the mixed component to a recipient. 
[0037] Preferably, the first temperature is controlled to 
obtain a mixing temperature, which is at least equal to said 
stcrilising the sterilizing temperature. Moreover, it is 
preferred to cool the mixed components before delivery to said 
the recipient . 

[0038] The first heat sensitive component may comprise 
glucose or a glucose polymer and the second less heat 
sensitive component may comprise water. More specifically^ the 
second component may include electrolytes, selected from the 
group of substances comprising: sodium chloride, calcium 
chloride, magnesium chloride, potassium chloride, sodium 
bicarbonate and sodium lactate. 

[0039] It may be advantageous to preheat the first 
component. Normally, the temperature is above the boiling 
temperature at normal atmospheric pressure and, thus, the 
first and second components are maintained at a high pressure 
sufficient to prevent boiling. 

[0040] In as one embodiment , the first and second 

components are provided as flows of fluid, whereby — in which 
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the flow rate of the second component may — fee — is larger than 
the flow rate of the first component. 

[0041] In order to separate the flow rate determination 

from the pressurising means , the flow rates are determined 
with a pair of scales or a flow meter^ and the pressure is 
provided by a separate pump . 

[0042] In one embodiment of the present invent ion , the 
complex fluid is divided into several fluid components, which 
are stcriliacd sterilized separately, as described above, and 
sequentially and then mixed fee — with the complex fluid. This 
may be performed by providing sources of concentrated fluid 
components and pure water; pumping a first concentrated fluid 
from paid the sources of concentrated fluids, to increase the 
pressure thereof; pumping pure water to increase the pressure 
thereof^ and heating caid — the p ure water to said — the first 
temperature; mixing said the first concentrate and heated pure 
water and maintaining the mixed fluids at a 
atcrilioing sterilizing temperature for a 

Qtcrilising sterilizing time to effect 

s t cr il i sat ion s terilizat ion ; delivering said etcriliscd the 

sterilized and diluted concentrate fluid to a recipient; 
repeating the above method steps for each of the concentrated 
fluid components, to provide the final complex fluid in for 
the recipient. The concentrated fluid may be preheated before 
being mixed with the heated water, for example by a heat 
exchanger by heat recovery from the stcrilipcd sterilized 
fluid, which is cooled thereby. 

[0043] The second fluid may be preheated by heat recovery 
in a heat exchanger from the sterilised sterilized fluid, which 
is thereby cooled, and further heated to said — the first 
temperature by a separate heating device, such as an electric 
heater. The heating device may be controlled by a temperature 
sensor positioned downstream of the maintaining step, to 
ensure that stcrilioing a sterilizing temperature is obtained. 
BRIEF DESCRIPTION OF THE DRAWINGS 
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[0044] Further objects, advantages and features of the 
present invention will appear from the following detailed 
description of several embodiments shown on in the drawings-^ 
as follows : 

[0045] Fig. 1 is a top, elevational, schematic view of a 

f irst one embodiment of a device an apparatus for 

storilioing sterilizing a heat sensitive fluid according to the 
present invent i on— j_ 

[0046] Fig. 2 is a top, elevational, schematic view similar 
•te — Fig. — 3= — of a — second — another embodiment of a — device — an 
apparatus according to the pre sent invent i on— ; 

[0047] Fig. 3 is a top, elevational schematic view similar 
to Fig. — 3— of a portion of a third y et another embodiment of a 
device an apparatus according to the present invention-; 

[0048] Fig. 4 is a side, elevational, cross-sectional view 
of a heat sterilisable connector used in the device apparatus 
according to Fig. 2— j_ 

[0049] Fig. 5 is a top, elevational, schematic view similar 
■fee — Fig. — 1 — of a — third — yet another embodiment of the device 
apparatus according to the pre s ent invent i on— ; 

[0050] Fig. 6 is a side, elevational, schematic view of et 
first one embodiment of a cycler which may be connected to the 
device apparatus according to Figs. 2 or 4— j_ 

Fig. 7 is a graphical representation of a time diagram of the 

fluid flows in the cycler according to Fig. 6 — ; and 

[0051] Fig. 8 is a side, elevational, schematic view 

similar — te — Fig. — 6 — of a — second — another embodiment of the — a 

eye 1 e r for use in connection with the apparatus of the present 

invention . 

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 
[0052] The fluid to be stcrilise d sterilized according to 
the present invention comprises a first non-heat-sensitive 
portion and a second heat sensitive portion. According to the 
present invention, these two portions are delivered separately 
to the atcriliaing sterilizing device into two separate inlets 
1 and 2 . 
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[0053] With reference to Fig. 1, the first non-heat- 
sensitive component, which may comprise sodium chloride 
dissolved in water, is enclosed in a vessel 3 connected to the 
inlet 1. The second heat sensitive component, which may 
comprise glucose, is enclosed in a vessel 4 connected to the 
inlet 2. The fluid components are preferably provided at a 
temperature at which each component is relatively stable, such 
as room temperature. 

[0054] The first fluid portion from vessel 3 provided to 
inlet 1 is impelled by a first pump 5 to a heater 6, in which 
the first fluid portion is heated to a first high temperature. 
The second fluid portion is impelled by a second pump 7 and 
mixed with the first fluid portion -is — at a mixing point 8 
arrang e d — disposed downstream of the heater 6 . During the 
mixing, the second fluid portion is rapidly heated to a 
stcriliaing sterilizing temperature, while the first fluid 
portion is cooled to the same stcrilising sterilizing 
temperature. The second fluid portion does not make direct 
contact with the heater surface and so damage is minimised. 
[0055] In order to promote rapid mixing, the fluids are 
impelled at such conditions that turbulent flow prevails at 
least after the mixing point 8. In addition, flow mixing means 
may be arranged in the flow path, such as at the mixing point 
8 or in the flow path downstream of mixing point 8. Such flow 
mixing means may be flanges or wings in the flow path. 
[0056] The mixed fluid portions pass through a 
Gtcrilising sterilizing tube section 9 which is dimensioned to 
provide a predetermined resident or stcrilioing sterilizing 
time period for the mixed fluids at the stcriliping sterilizing 
temperature. The tube section may be insulated as indicated by 
box 10 in order to maintain the mixed fluids at the 
o tori lis ing sterilizing temperature for the 

aterilising sterilizing time period . After the 

gtcrilising sterilizing time period , the mixed fluids are 
sterile, since the second fluid portion has been subjected to 
the Gtcrilising sterilizing temperature during a 
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Gtorili sing s terilizing time period and the first fluid portion 
has been exposed to a still higher temperature and — for a 
still longer time period , thus being over atcriliaGd sterilized . 
[0057] The stcrilising sterilizing dose is a function of 
temperature and time and is defined according to the formula: 



F 0 = 



(T-121) /10 
10 dt 



0 

in which 

F 0 = the Gtcrilisation sterilization dose^ in minutes 
T = temperature 
t - t ime 

[0058] If the st crilioing s terilizing temperature is 121°C 
and the time is 20 minutes, a otcriliGation sterilization dose^ 
F 0jL of 20 minutes is obtained. If the Gtcrilising sterilizing 
temperature is 141 °C and the time is 12 seconds, a 
Gtorilioation sterilization dose F 0 of 20 minutes is also 
obtained. A GtcriiiGing sterilizing dose F 0 of 20 minutes is 
considered sufficient, however, in certain applications, a 
Gtcrilioing sterilizing dose F 0 of 10 minutes or even lower may- 
be sufficient. 

[0059] In the above example, the first fluid portion may 
comprise sodium chloride at a concentration of 150 mM, sodium 
lactate at a concentration of 38,8 38.8 m M, magnesium chloride 
at a concentration of 0 , 5G 0 . 56 mM and calcium chloride at a 
concentration of 1, 8 9 1.89 m M. The second fluid portion may- 
comprise glucose at^a concentration of 40%, i.e. 400 g glucose 
per litre liter of solution. The first fluid portion flow rate 
is 45 ml/min and the second fluid portion flow rate is 5 
ml/min. The resulting mixture has the following composition: 
sodium chloride 135 mM, sodium lactate 3 5 mM, magnesium 
chloride Q-r$ — 0 . 5 m M, calcium chloride 1,7 1 . 7 mM and glucose 
4%. The first fluid portion is heated from 20°C to 155°C by the 
heater 6. The second fluid portion is heated from 20°C to 141°C 
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during mixing, while the first fluid portion is cooled from 
155°C to 141°C. The resident or stori lis ing sterili zing time 
period is 12 seconds^ resulting in a stcrilioing sterilizing 
dose^ F 0j _ of 20 minutes. The resulting otoriliscd sterilized 
fluid mixture is cooled by a cooler 13 and delivered to an 
outlet 11 and collected in a vessel 12. A pump 20 or other 
device may be arranged to control the flow to the vessel 12. 
The sterile fluid may be used as a peritoneal dialysis 
solution to be delivered to the peritoneal cavity of a 
patient . 

[0060] Other medical fluids may be produced by the device 
according to the present invention, such as hemodialysis 
solutions, infusion solutions used in hemodiaf iltration or 
hemof iltration, replacement fluids for infusion in the blood, 
wound irrigation solutions, rinsing solutions^ etc. Moreover, 
nutrition solutions often comprises amino acids, which are 
heat sensitive, and glucose, which is heat sensitive, and 
cannot be st c rilise d sterilized together with amino acids. 
Certain drugs, such as insulin, may be produced or included in 
a fluid administered to a patient, and the drug component may 
be heat sensitive. Certain medical fluids comprise peptides, 
proteins or fragments thereof, which normally are heat 
sensitive. Preservation fluids for blood component handling 
may also comprise heat sensitive components, at least glucose. 
In certain cases, glucose is replaced with or complemented 
with glucose polymers, di-sacharides, tri-sacharides etc. 
Certain carboxylic acids are heat sensitive and may be 
included in such fluids. Solutions comprising calcium or 
magnesium ions and carbonate or bicarbonate ions may 
precipitate at — upon exposure to a stcrilising sterilizing 
temperature, and need to be Gtorilisod sterilized with the 
carbonate or bicarbonate separate from the calcium or 
magnesium containing. solution. 

[0061] In order to control the above procedure, one or 

several more temperature sensors are provided. A first 

temperature sensor 14 may be arranged immediately downstream 
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of the heater 6 to determine the temperature of the first 
fluid portion after heating. A second temperature sensor 15 
may be arranged between the second inlet 2 and the mixing 
point 8 to determine the temperature of the second fluid 
before mixing. A third temperature sensor 16 may be arranged 
downstream of the mixing point to determine the mixing 
temperature. A fourth temperature sensor may be arranged 
downstream of the otcriliping sterilizing section 9 to 
determine the otcriliping sterilizing temperature. A fifth 
temperature sensor 18 may be arranged downstream of cooler 13 
to determine the temperature of the fluid delivered to vessel 
12. Not all of these five temperature sensors are needed^_ so 
that one or several more thereof may be excluded. 
[0062] A control processor 19 may be arranged to control 
the stcriliging sterilizing device according to the present 
invention. As shown in Fig. 1, the five temperature sensors 
are connected to the processor as well as the pumps^ 5, 7 and 
2 0^ to provide measurements of the temperatures and flow 
rates. The pumps^ 5, 7 and 20j_ may be volumetric pumps^ also 
acting as flow meters. Alternatively, separate flow meters may 
be provided. The processor controls the heater 6 to provide 
the required temperature downstream of the heater, as measured 
by temperature sensor 14, to provide the 

stcriliaing sterilizing temperature after mixing^ as measured 
by temperature sensors^ 16 and 17. The processor calculates 
the residence time in the stcrilioing sterilizing section 9 
based on the flow rates of pumps^ 5 and 1 j_ and the known 
volume of the otcrilising sterilizing section 9. Finally, the 
processor may determine the obtained storilising sterilizing 
dose^ F 0 . 

[0063] The control processor 19 may obtain all necessary 
information in order to calculate the atcrilioing sterilizing 
effect from the flow rates of pumps 5 and 7 and the 
temperature of sensor 17. 

[0064] As also shown in Fig. 1, the fluids provided to 
inlets 1 and 2 may be preheated by preheaters^ 21 and/or 22. 
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[0065] Since the Gtcriliping sterilizing apparatus shown in 
Fig. 1 is intended to heat the fluids to temperatures well 
above 100°C, it is required to keep the fluids from boiling. 
This may be done by enclosing the entire apparatus in an 
enclosure 23, as shown by broken lines in Fig. 1, and raising 
the pressure inside the enclosure to a pressure sufficient to 

prevent boiling, such as from about 3 to 6 Bar absolute 

pressure . 

[0066] It is known that glucose decomposes when exposed to 
heat, and is thus a heat sensitive component of the fluid. 
Glucose also decomposes during storage. It is known that 
several factors influence the decomposition of glucose, among 
which are pH, temperature, time, glucose concentration and 
mixing with certain ionic components. Glucose decomposes into 
components, some of which may be more or less toxic or are 
able to induce toxic reactions by including precursors for 
such reactions. If the resulting fluid is to be used as a 
medical fluid for infusion into a human being or other mammal, 
the toxic components or precursors should be minimised. 
[0067] In order to sterilise the fluid it is necessary to 
expose the fluid to otcriliGing sterilizing conditions. There 
are several methods available, such as heat 

g tori li sat ion sterilizat ion (autoclaving) , filter 

otcrili oat ion sterilizat ion and other methods . The present 
invention is limited to heat aterilioat ion sterilizat ion . 
[0068] During heat otcrili s at io n sterilizat ion , it is known 
that decomposition of glucose can be minimised if glucose is 
Gtcriliocd sterilized during a short time at a high 
temperature. The rationale is that the decomposition reaction 
is less sensitive to high temperature than in the 
otcrilioing sterilizing reaction. 

[0069] In order to minimise the decomposition before 
stcrilioat ion sterilizat ion , it is advantageous to store the 
fluid at a low pH and at a high concentration, which is 
suggested according to the present invention. The pH may be 
from -3-7-6 5-7-0 — about 2.6 to 5.0, and preferably pH=3,2 about 
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3.2 . The concentration may be above 15%^ or above 20%^ with 
40% — to 50% being preferred, calculated as weight of glucose 
per litre liter solution. 

[00701 The stcrilioation sterilization may take place during 
a short time and at a pH of below about 5,5 5.5 and at a final 
dilution concentration. It is believed that the short time is 
of greater importance than the other factors for avoiding 
decomposition into toxic components of glucose during the 
stcriliGation sterilization process. 

[0071] It is also recognised that glucose may decompose 

into precursors for AGE-? ( advanced glucosylation end 

productsj_. When a glucose solution comprising precursors for 
AGE contacts proteins in the body, a non-enzymatic reaction 
takes place^_ resulting in AGE formation. The long term effect 
of AGE is still not well known. Gentle heat 
stcrilisation sterilization of glucose as suggested in the 
present invention is expected to reduce the level of glucose 
degradation products of the type of AGE precursors. 
[0072] An alternative embodiment of the present invention 
is shown in Fig. 2. In this embodiment the 
otcrilioing sterilizing device according to the present 
invention is integrated in a PD monitor which is arranged to 
provide a PD solution to a patient. The PD solution is 
prepared from two concentrates provided in two concentrate 
bags 51 and 52 and connected to concentrate input connectors 
56 and 57, and a supply of pure water, for example provided 
from a reverse osmosis JRCO— _unit 53 connected to a water 
input connector 58 for connection to a potable water supply. 
The ctcrilisGd sterilized PD fluid is delivered to a PD cycler 
55, which is, in turn, connected to a PD fluid output 
connector 59 for delivery to the patient. 

[0073] Each of the three input connectors and the output 
connector is arranged as a heat sterilisable connector device 
as shown in more details — detail in Fig. 4. Such a heat 
sterilisable connector device 30 is described in International 
Application No. W O 96/05883 and comprises a spike 31 opening 
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into a bore 32 in a housing 33. The bore is arranged to 
receive a connector 35 connected to a vessel or bag, for 
example comprising the concentrate. The connector has a shape 
which is complementary to the bore, such as cylindrical, and 
which m ay be inserted into the bore to seal the bore by means 
of an 0-ring 37. The connector is further provided with a 
membrane 35a being which is p ierceable by oaid spike 31. The 
connector 35 is operable by a piston 39 to be pushed into the 
bore into a first position sealing the bore 32. The piston is 
operable by a motor 3 8 operating a screw and nut arrangement 
3 8a or any other suitable driving device^ like a pneumatically 
or hydraulically operated device. 

[0074] During operation, the connector 35 is inserted in 
the bore 32 into co-operation with the O-ring 37. A rinsing, 
disinfecting and/or stcrilioing sterilizing fluid is circulated 
through the spike 31 into the bore 32 and out through a side 
opening 36 in the bore. The spike, bore and the membrane of 
the connector are thus rinsed, disinfected and/or 
GtoriliQcd sterilized . When the rinsing, disinfecting and/or 
stcriliaing sterilizing operation is finished, the piston 3 9 
pushes the connector 35 further into the bore 3 2 so that the 
spike 31 penetrates the membrane 35a to thereby establish a 
connection between the spike and the vessel connected to the 
connector 35. At the same time, the connector seals off the 
side opening 36 and an area around the spike 31. 
[0075] The connector device 30 may also be used without 
inserting a connector 3 5 by passing the piston 3 9 into the 
bore 32 into co-operation with the 0-ring seal 37 to establish 
a flow path via through spike 31 into side opening 36. 
[0076] Returning now to Fig. 2, each of the inputs^ 56, 57 
and 58^ and the output 5 9 is arranged as a connector device 3 0 
of Fig. 4. Input 56 is arranged to connect a first concentrate 
bag 51 to a first metering pump 60 and input 57 is arranged to 
connect a second concentrate bag 52 to a second metering pump 
61. Input 58 is connected to RO-unit 53 and a third pump 62 is 
arranged to pump pure water from RO-unit 53. 
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[0077] Pumps 62 and 60 are driven to mix the concentrate 
from bag 51 with pure water from RO-unit 53 to provide a 
desired concentration. A conductivity cell 63 may be arranged 
to measure the conductivity of the mixture and may control the 
pump 60 and/or 62 to obtain the required conductivity and thus 
the desired concentration. Pump 62 is preferably driven to 
provide a constant flow of_^ for example^ 54 ml/min and at the 

same time increase the pressure to from about 3 to 6 Bar 

absolute pressure^ to avoid boiling during 

pterilioation sterilization . The fluid provided so far is the 
first heat- insensitive fluid mentioned above. 

[0078] The first fluid passes through a first heat 
exchanger 64 comprising a primary circuit 64a for heating the 
first fluid, for example from about 20°C to 100°C. Then, the 
first fluid passes through a heater 65^ such as an electric 
heater powered by an electric power supply 66 j_ to heat the 
first fluid to a temperature of 155°C. 

[0079] The second, heat sensitive, fluid from bag 52 is 
pumped by pump 61, at a flow rate of 6 ml/min to a mixing 
point 67 immediately downstream of heater 65 to mix with the 
first fluid. The second fluid is thus rapidly heated from room 
temperature to a temperature of 141°C by being mixed with the 
hot first fluid, which at the same time cools down to 141°C. 
[0080] Then, the mixed fluids pass through a 
stcrilis ing sterili zing unit 68 comprising a tube 68a of a 
length suitable for providing a residence time^ giving the 
required atcrilising ster ill zing time, such as 12 seconds. The 
tube is embedded in an insulating material 6 8b to minimise 
minimize the temperature decrease during the residence time. 
[0081] Immediately downstream of the a tori 1 is ing sterili zing 
unit 68 is a temperature sensor 69, which controls the power 
supply 66 so that the temperature is the desired 
stcrilis ing sterili zing temperature, such as 141°C. 
[0082] Pump 61 is controlled in order to deliver the heat 
sensitive fluid in the amount desired. For example, if the 
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heat sensitive fluid is glucose at a concentration of 40%, the 
flow rate should be 6 ml/min to give a final concentration of 
4% if the first flow rate is 54 ml/min. If a concentration of 
1,5% 1,5% is desired, the flow rate should be 2,1 2.1 ml/min 
and if a concentration of 2,5% 2.5% should be obtained, the 
flow rate should be 3-f-G — 3.6 ml/min. In each case, the 
temperature sensor adjusts the power supply to heat the first 
fluid to a suitable temperature so that the 
ptcrilioing sterilizing temperature is obtained. 

[0083] After Downstream of the stcriliaing sterilizing unit 
68, the now otGriliocd sterilized fluid enters the secondary 
circuit 64b of the heat exchanger 64 to rapidly decrease the 
temperature of the otcriiisc d sterilized fluid, for example to 
60°C. Then, the stcriliacd sterilized fluid passes a flow 
restrictor 70 to decrease the pressure to close to atmospheric 
pressure. Preferably, the flow restrictor 70 is controlled by 
a pressure sensor 71, so that the pressure before the 
restrictor is the desired pressure to prevent boiling, such as 
6 Bar absolute pressure. 

[0084] From the flow restrictor 70, the 

Gtcriliocd sterilized fluid is delivered to the output 59, 
which is connected to a PD cycler 55. A pressure relief valve 
72 is arranged to connect the stcrilise d sterilized fluid to a 
waste 73 if the pressure of the fluid exceeds a predetermined 
value, such as 150 mmHg above atmospheric pressure. 
[0085] The PD cycler may be of the type described in 
International Application Mo. WO 95/20985, comprising a 
pressure chamber. A disposable line set is connected between 
the outlet connector and the patient and comprises a heater 
bag and a drain bag, a drain line and a supply line. The 
heater bag and a drain bag are arranged on a weighing device, 
such as a pair of scales. Four valves in a valve unit are 
arranged to operate on the drain and supply lines. Finally, 
the line set comprises a PD connector for connection to a 
catheter into the peritoneal cavity of the patient. The PD 
fluid from outlet 59 is supplied to the heater bag via — by 
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means of the valve unit until the scales indicate that the 
heater bag has been filled to a predetermined volume, such as 
3 — litres liters . Then the patient is drained by exposing the 
pressure chamber to a subpressure to withdraw fluid in the 
peritoneal cavity of the patient out via — through the open 
valve unit into the drain bag. The combined weight of heater 
bag and drain bag is weighed and the drain phase is terminated 
when it is determined that the drain flow rate is below a 
predetermined limit or a drain time has elapsed. The drain 
flow rate is determined by means of the weighing device. Then, 
the pressure chamber is exposed to an overpressure and the 
valve unit is opened to allow the fresh otcrilised sterilized 
PD fluid to flow into the peritoneal cavity of the patient. 
The flow rate and the delivered fluid volume is monitored^ and 
the fill phase is terminated when a desired fill volume has 
been delivered. The temperature of the heater bag is 
controlled by a heating device and temperature sensor so that 
the fluid delivered has a temperature of about 3 7°C. Finally, 
the drain bag is emptied to the waste by opening the valve 
unit and exposing the pressure chamber to an overpressure. 
[0086] When the patient has been exposed to a fluid 
exchange as described above, the PD fluid is left in the 
peritoneal cavity for a dwell time until the next exchange 

cycle. During the dwell time period , the 

stcrilising sterilizing device provides new sterile fluid to 
the heater bag. It takes about 33 minutes to produce a fill 
volume of 2 litres liters if sterile fluid is produced at 60 
ml/min. 

[0087] It may be desirable to include a cooler 82 after the 
flow restrictor 70 in order to further decrease the 
temperature before delivering the fluid to the heater bag. The 
cooler may be a Peltier cooler or a heat exchanger of 
conventional design, using cold water or a cooling medium as 
heat energy absorption medium. A cooler 91, such as a Peltier 
cooler, may alternatively or additionally be placed after 
residence device 68 and before heat exchanger 64, in order to 
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rapidly cool the heat sensitive mixture to a safe temperature, 
such as from 141°C to 120°C. In this — wa y manner , the heat 
sensitive component is h e ated — rapidly heated from room 
temperature to a tcrilioat ion s terilizat ion temperature of 141°C 
at mixing point 67 , is maintained at the 
stcrilising sterilizing temperature during 12 seconds by 
residence device 68 and is then rapidly cooled to 120°C by 
Peltier cooler 91 and then further cooled to room temperature 
in the slightly slower heat exchanger 64 

[0088] The stcriliaing sterilizing device needs to be 
disinfected at suitable intervals, for example once per day or 
once per week. For that purpose, the side openings of the 
connector devices^ 56, 57, 58 and 59^ are used. The side 
opening 83 of RO inlet 58 is connected to the side opening 82 
of outlet 59 v i a through a line 84. The side opening 85 of 
first inlet 56 is connected to the flow line 86 between RO 
inlet 58 and the pump 62 v^ia — through a line 87. The side 
opening 88 of second inlet 57 is connected to the line 89 
between heater 65 and estcrilising sterilizing unit 68 via 
through a line 90. 

[0089] During disinfection, the otcrilicing sterilizing 
device is filled with pure water obtained from the RO-unit . 
Then, connectors^ 57, 58 and 59_j_ are disconnected from the 
respective sources and the piston is arranged in the position 
in conjunction with the O-ring, in order to seal the bore 32 
of the connector opening, J_see Fig. 4]_. 

[0090] Thus, the RO-inlet connector 58 and the outlet 
connector 59 are connected via — through line 84 and side 
openings 82 and 83 . The second inlet connector 57 is in the 
same position so that a circulating path is obtained via by 
means of p ump 61, line segment 89, line 90, side opening 8 8 
and inlet 57. A disinfecting solution is provided in a vessel 
connected to the first inlet 56. The disinfecting fluid may be 
sodium carbonate, citric acid or any other known disinfection 
fluid. Pumps 62 and 61 are operated to circulate the water in 
the circuits. Finally, pump 60 is operated to infuse 
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disinfection fluid into the water until a sufficient 
disinfectant concentration has been obtained. The surplus 
water is rejected via by means of relief valve 72 to the waste 
73. Pump 62 circulates the disinfection fluid through the 
complete ctoril ioat ion s terilizat ion device and the outlet 59 
is connected to the inlet 58 via through line 84 to complete 
the circuit. The disinfection fluid may be left in the machine 
until the next use. Before the next use, the machine is rinsed 
with pure water via through inlet 5 8 from the source of R0- 
water . 

[0091] Descaling with citric acid or other descaling agent 
is performed in the same manner. 

[0092] In order to avoid dripping from the connectors, the 
inlet connectors^ 56, 57 and 58^_ and the outlet connector 59 
are positioned at the highest position of the flow path and at 
the same level. 

[0093] The machine may be emptied by opening all inlets_^ 
56, 57 and 58_^ and the outlet 59 and by opening the relief 
valve 72, which is positioned at the lowest point of the flow 
path^ and by allowing air to enter all lines and devices. 
[0094] During chemical disinfection and/or descaling, the 
heater 65 may be turned off or adjusted to heat the fluid to a 
low temperature. The flow restrictor 70 may be opened. 
[0095] In heat Gtcrilisation sterilization , the fluid in the 
entire circuit is heated to 121°C and circulated for at least 
20 minutes to obtain sterilisation s terilizat ion of the entire 
circuit. In this case, pressure relief valve 72 is operated to 
permit a pressure of 2 Bar, thereby preventing boiling of the 
water in the circuit at 121°C. 

[0096] The same or a similar procedure may be used for 
atcrili sing s terilizing the flow path of the 

sterilising sterilizing device. The fluid circuit is arranged 
for a treatment with all connectors inserted in respective 
bore 32 in the non-engaged position. The circuit is full 
filled with water, which is circulated by pump 62 . Flow 
restrictor 70 is opened and relief valve 72 is adjusted to a 
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pressure of from about 2 — to 3 Bar absolute pressure. First 
inlet connector 56 is operated to connect the vessel 51 to the 
circuit. Then, pump 60 is operated to introduce some fluid 
(electrolyte fluid) in the circuit until the pressure reaches 
about 2 — to 3 Bar absolute pressure. Since the fluid circuit 
is relatively non- compliant , the volume of fluid introduced is 
very small. Then, the heater is activated to heat the water 
present in the circuit to a temperature of 121°C and the 
circulation continues for 20 minutes or longer, until 
stcrilipation sterilization is obtained. Pump 61 is operated 
simultaneously to sterilise the circuit comprising inlet 
connector 57 . 

[0097] After Gterilisat ion s terilizat ion has been obtained, 
RO inlet 58 is activated to connect RO-unit 53 to the circuit 
and at the same time disconnect bypass line 84. Pump 60 is 
stopped, and heater 65 is activated. Flow restrictor 70 is 
activated and pressure relief valve 72 is adjusted to the 
normal value of 150 mmHg overpressure. Thus, sterile water is 
produced and delivered to the waste 73 via by means of relief 
valve 72. Then, the second inlet is activated to connect 
vessel 52 and pumps^ 60 and 61_^ are operated to provide a PD 
fluid. When stable conditions are obtained, the outlet 59 is 
activated to deliver stcriliGcd sterilized fluid to the heater 
bag. 

[0098] During the drain and fill phases of the PD cycler, 
the storilising sterilizing device may continue to produce PD 
fluid. However, since the valve unit is closed, the PD fluid 
produced is directed to the waste 73 via — by means of relief 
valve 72. Since the drain and fill phases may last up to 20 
minutes or more, a considerable amount of PD fluid is wasted. 
To minimise such waste, pumps 60 and 61 may be stopped during 
the periods when the heater bag is not being filled, and the 
storiliping sterilizing device is only producing and wasting 
sterile water. 

[0099] The first and/or second concentrates may comprise 
the same substances or components as mentioned above, however, 
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with the contents of the first vessel 51 concentrated by 
omitting some of the water. The contents of the first vessel 
may be concentrated^ for example , about 30 — to 40 times. 
In an alternative embodiment, the PD fluid is intended to 
comprise bicarbonate instead of or in addition to lactate. 
Calcium cannot be included in the same vessel as bicarbonate, 
because of the risk of precipitation of calcium carbonate. In 
that case, the calcium chloride may be included in the second 
vessel 52 in a suitable concentration. The calcium 
concentration will then be proportional to the glucose 
concentration, which may result in a calcium neutral PD fluid. 
Another advantage of including the calcium ions in the second 
vessel is that scaling of the pipe system is avoided before 
the mixing point 67, and the requirement for descaling would 
decrease . 

[0100] Each of the stcriliaablQ sterilizable connectors may 
be replaced by a conventional connector device and a three way 
valve of conventional type, as shown in more detail in Fig. 3, 
which shows an alternative embodiment of the present 
invention. 

[0101] Fig. 3 shows an alternative design of a mixing 

system delivering the mixed fluids in parallel through the 
residence device. Fig. 3 shows only the right-hand portion of 
Fig. 2 to the right of pump 62 and pressure sensor 70. The 
left-hand portion may be identical to the embodiment of shown 
in Fig. 2. The same components as in Fig. 2 have received the 
same reference numerals^ but adding — 10 0 is added to the 
reference numbers. Thus, there is shown a heat exchanger 164 
comprising a primary circuit 164a and a secondary circuit 164b 
and a pump device 164c. An electrolyte solution or pure water 
is conducted through line 189 through heat exchanger primary 
circuit 164a and a second heater 165, for example an electric 
heater controlled by a temperature sensor 169. 

[0102] A first bag 152a comprising a heat sensitive first 
component such as glucose is connected via — by means of a 
connector 192a to a three-way valve 157a. The first component 
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passes from the three-way valve 157a to a pump 161a and 
further to a mixing point 167a, in which the first component 
is heated to 141°C by mixture with a heated electrolyte 
component; having a temperature sufficient for promoting such 
heating by mixing, the temperature being^ for example^ 155°C. 
The mixing temperature is controlled by a temperature sensor 
169a, which operates a throttle valve 193a arranged — disposed 
before the mixing point 167a. By throttling the valve 193a, a 
sufficient flow rate for obtaining said temperature is 
adjusted. 

[0103] A second bag 152b comprising a heat sensitive second 
component, such as amino acids, is connected via by means of a 
connector 192b to a three-way valve 157b. The second component 
passes from the three-way valve 157b to a pump 161b and 
further to a mixing point 167b, in which the second component 
is heated to 141°C by mixture with a heated electrolyte 
component, having a temperature sufficient for promoting such 
heating by mixing, the temperature being^_ for example^ 155°C. 
The mixing temperature is controlled by a temperature sensor 
169b, which operates a throttle valve 193b arranged before the 
mixing point 167b. By throttling the valve 193b, a sufficient 
flow rate for obtaining said temperature is adjusted. 

[0104] The two heat sensitive components heated to 
s tori lis ing sterilizing temperature by mixture with the 
electrolyte component are handled in parallel in two separate 
lines^ 194a and 194b, which pass in parallel through the 
residence device 168, the pre-cooler 191, if present, and to 
heat exchanger secondary circuit 164b. After cooling in the 
heat exchanger, the two fluids are mixed in a Y-connector 195 
before entering the restriction device 70— _(see Fig. 2_)_. The 
bags 152a and 152b are weighed and when a sufficient amount of 
fluid has been taken out from each bag, valve 157a and/or 
valve 157b are switched to stop the flow of first and/or 
second components from bags 152a — and 152b, respectively. 

[0105] During otcriliGat ion s terilizat ion , the three-way 
valves_^ 157a and 157b^_ are connected according to the broken 
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lines in Fig. 3, in order to pass fluid, by means of pumps^_ 
161a and leib^ in the fluid lines to and from the three-way 
valves^ 157a and 157b J?L via through lines 190a and 190b. 
[0106] It is — realised can be seen that more than two heat 
sensitive components may be handled in parallel by adding 
further bags 152 and further lines 194. G£ — course, — £he — The 
same procedure may be adopted for components which are less 
heat sensitive, to obtain a simple system, whereby the 
electrolyte component may be replaced with pure water, and 
thus, the electrolytes may be added one by one ± or several at 
a time. 

[0107] A further alternative embodiment of the present 
invention is shown in Fig. 5. From the left, the device 10 0 
comprises a connector 101 for connection to a source of pure 
water, such as an RO-unit (not shown) . The device further 
comprises three concentrate connectors^ 102, 103 and 104, 
which may be integrated into a single connector device. Each 
°f the connectors, 102, 103 and 104^_ connects to a vessel or 
bag comprising a concentrate, such as a first bag 105 
comprising a concentrated bicarbonate solution, a second bag 
106 comprising electrolytes, such as sodium chloride, 
magnesium chloride, calcium chloride, and sodium lactate, at a 
predetermined pH, and a third bag 107 comprising glucose at a 
concentration of 50%. Of — course, — the — The bags include the 
components necessary for the final solution^ as discussed in 
more detail below. The components are divided into separate 
bags because they cannot be stored together^ or they cannot be 
stcriliscd sterilized together, or for other reasons. 

[0108] Alternatively, one or more of the vessels or bags^ 
105, 1 0 6 — and 107^ may comprise a powder instead of a 
solution^ in which case appropriate dissolution means may be 
provided. 

[0109] Conveniently, the bags^ 105, 106 and 107^ are 
combined into a single assembly. The combined assembly of bags 
is attached to a weighing device 108, so that the weight of 
the assembly is monitored. The connectors^ 102, 103 and 104, 
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are attached to the ends of flexible tubes of PVC or other 
suitable pliable material, so that the connectors and tubes do 
not significantly influence the weight of the assembly. 
The RO inlet connector 101 is connected to a line system 
including a first inlet line 109. Inlet line 109 is provided 
with a inlet valve 110, to isolate the device 100^ if 
required. Inlet valve 110 is normally closed, but is opened 
upon activation by a control device 111^ shown by broken 
lines. The control device may be a computer or microprocessor 
or any other control device. Normally, it is the control 
computer of the complete device. 

[0110] Inlet line 109 further comprises a heater 112 and a 
temperature sensor 113, which operate together to adjust the 
temperature of incoming pure water to a predetermined 
temperature of^ e.g.j_ 25°C, in order to make the device 
independent of incoming water temperature. 

[0111] Inlet line 109 further comprises a flow meter 114 
for measuring the complete inlet flow through inlet connector 
101, for a purpose to be described later. 

[0112] Downstream of flow meter 114, inlet line 109 is 
divided into water line 115 and concentrate line 116. Water 
line 115 comprises a first pump 117 for increasing the 
pressure of the water in water line 115 downstream of the pump 
to a pressure of from about 2 — to 6 Bar absolute pressure. 
The pressure is measured by a first pressure sensor 118 and 
monitored by a second pressure sensor 119. The first pressure 
sensor 118 is connected to the control system of computer 111, 
while the second pressure sensor 119 is connected to a 
parallel supervising system for ensuring the safety of the 
system. Several of the sensors are duplicated in this manner 
to provide independent data to the supervisory system or 
processor, even if not explicitly indicated in the drawings. 

[0113] Water line 115 further comprises a valve 120 and a 
primary circuit of a heat exchanger 121. In the heat 
exchanger, the water in water line 115 is heated from about 
25°C to about 131°C in heat exchanger 121, at a flow of about 
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12 0 ml/min. The temperature of the heated water is monitored 
by temperature sensor 122. Finally, water line 115 comprises a 
second heater 123, for heating the water to a still higher 
temperature, such as about 145°C. The hot water is delivered to 
a mixing point 124 . 

[0114] In concentrate line 116, there is a valve 125 for 
connecting the normally closed concentrate line 116 to water 
line 115. Further downstream, concentrate line 116 comprises 
three concentrate valves^ 12 6, 12 7 and 12 8^ and a reversible 
second pump 129. The second pump 129 is arranged to withdraw 
concentrate solutions or fluids from any one of concentrate 
bags^ 105, 106 or 107^ depending on the positions of the 
valves^ 126, 127 and 12 8. The second pump 12 9 further 
increases the pressure of the fluid in concentrate line 116 to 
a pressure of about 2 — to 6 Bar absolute pressure. 

[0115] Downstream of second pump 12 9 is arranged a valve 

13 0, and therefrom , the concentrate fluid is delivered 

therefrom to a second primary circuit of heat exchanger 121 in 
order to preheat the concentrate solution from e.g. room 
temperature to about 131°C. From heat exchanger 121, the 
concentrate solution is delivered to mixing point 124. 

[0116] Upstream of the second pump 129 is arranged disposed 
a temperature sensor 131 for measuring the temperature of the 
incoming concentrate fluid, and downstream of the second pump 
is arranged disposed a pressure sensor 132 for measuring that 
sufficient pressure has been obtained. As indicated — before 
above , these sensors may be duplicated for supervisory 
purposes . 

[0117] In mixing point 124, the two fluid lines 115 and 116 
are joined so that the heated water in line 115 is mixed with 
preheated concentrate in line 116, and the mixture is 
transported in mixed fluid line 133. Mixed fluid line 133 
comprises a residence device 134, normally being a length of 
tube of a length to produce a predetermined residence time at 
a predetermined rate of flow to effect 

oterilioat ion s terilizat ion of the fluid in the residence 



-30- 



device 134. The residence device 134 is preceded by a 
temperature sensor 13 5 and followed by a temperature sensor 
136. These temperature sensors control the heater 123 to 
ensure that storilioing sterilizing conditions are obtained in 
the residence device 134, such as a minimum temperature of 
141°C for 12 seconds. 

[0118] From the residence device 134, the 

otcriliscd sterilized and mixed fluid is passed to the 
secondary circuit of heat exchanger 121, at a temperature of 
approximately 141°C. The ateriliGcd sterilized fluid is rapidly 
cooled to about 3 7°C. 

[0119] Downstream of the heat exchanger, mixed fluid line 
133 comprises otcriliacd sterilized fluid at a temperature 
suitable to be delivered to a patient or a storage bag. The 
temperature is monitored by a temperature sensor 137. Finally, 
a valve 138 directs , when activated, directs the fluid to an 
outlet connector 13 9, via by means of a restrictor device 140, 
for lowering the pressure to atmospheric pressure. 
[0120] The restrictor device may be a small hole in a piece 
of metal, the hole being dimensioned to reduce the pressure 
from 6 Bar to 1 Bar at the desired flow rate of, for example, 
140 ml/min. An alternative design would be to use a 
controllable throttle valve, which is controlled by the 
processor 4=n — dep e ndence — e£ — dependent upon p ressure sensor 
readings. A third alternative would be to use a throttle 
device or the pressure relief type, which adjust the 
differential pressure over the throttle device to a 
predetermined pressure drop—e#, for example, of about 5 Bar. A 
fourth alternative would be to use a throttle device 
controlled to deliver fluid at an output pressure of no more 
than a predetermined safe pressure of, for example, 1.2 5 Bar, 
in which case the pumps are operated to ensure that the 
pressure before the throttle device is sufficiently high, for 
example about 6 Bar. 

[0121] It is noted that the on-line autoclave as described 
is always operated at a predetermined minimal flow rate of not 
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less than a predetermined flow rate, for example 12 0 ml/min, 
in order to ensure that the autoclave is maintained sterile. 
As soon as the flow rate drops below paid — the p redetermined 
minimum flow rate, the sterility conditions may be hampered or 
the autoclave may not be controlled to operate at proper 
temperatures. The autoclave may be designed to operate 
different flow rates above said — the m inimum flow rate. In 
order to always maintain a minimal flow rate, any excess fluid 
produced is sacrificed to the waste. 

[0122] If the mixed and sterilioc d sterilized fluid cannot 
be delivered out via by means of the output connector 139, a 
valve 141 is activated to deliver the fluid to a sump or waste 
via through a waste line 142. Waste line 142 further comprises 
a primary circuit of a second heat exchanger 143, a pressure 
sensor 144, a restrictor device 145 and a valve 146 until the 
fluid is delivered to the waste 147. A temperature sensor 148 
arranged upstream of heat exchanger 14 3^ and another 
temperature sensor 14 9 arranged downstream of valve 14 6j_ are 
used to measure the temperatures of the waste fluid. 

[0123] The device according to Fig. 5 may be operated in 
different modes. One mode of operation will be described 
below, namely sequential delivery of the components of the 
final fluid. It is, however, understood that the device may 
operate as described in connection with Fig. 2 as well. 

[0124] In the sequential operation mode, water is first 
delivered in inlet line 10 9 at a constant rate of 12 0 ml/min 
from inlet connector 101, via by means of flow meter 114, in 
which the flow rate is monitored, and via through water line 
115 and via first pump 117 to raise the pressure so that the 
boiling temperature of the fluid is above the temperature 
anywhere in the circuit. If the maximum temperature is about 
150°C, the pressure should be above 4.8 Bar or preferably about 
6 Bar absolute pressure. The exact pressure is dependent on 
the adjustment and operation of restriction device 140. The 
water further passes the mixing point 124 and enters the mixed 
fluid line 133 and reaches valve 138, which directs the flow 
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to waste line 142, via by means of valve 141^ and further to 
the sump. The outlet connector 13 9 is connected to a 
recipient, normally a bag, such as a heater bag described 
below. 

[0125] When all conditions are checked^ and the device 
delivers otcriliocd sterilized water, valve 138 is switched to 
direct the stcriliscd sterilized water to the outlet connector 
139 via by means of restrictor 140. 

[0126] Substantially at the same time, or shortly 
thereafter, valve 127 in concentrate line 116 is opened and 
concentrate pump 129 is activated, with valve 13 0 in an open 
condition, to pump concentrate fluid from electrolyte bag 106, 
via by means of heat exchanger 121 to mixing point 124. The 
concentrate pump 13 0 is operated to provide a flow rate of 
approximately 2 0 ml/min. At the same time, the weight of the 
concentrate assembly is monitored by weighing device 108. If 
the intention is to provide 1 litre liter of final solution 
and the concentrate fluid in bag 10 6 has a concentration of 
1:40, the flow is continued for about 1 minute and 15 seconds, 
until the weighing device indicates that a volume of 25 ml has 
left the bag 106, whereby 25 ml is the amount required from 
concentrate bag in 1 litre liter of final fluid (1:40). 
[0127] Then, valve 127 is switched off and valve 125 is 
opened for a short time, such as 15 seconds, to rinse the 
concentrate line 116. 

[0128] For including the second concentrate, which may be 
glucose, bag 107 is connected to the concentrate pump by 
closing valve 125 and opening valve 128. If the glucose 
concentrate fluid has a concentration of 50%, the concentrate 
pump is driven 1 minute per percent concentration to be 
required in the final fluid at 20 ml/min. If 4% is required, 
which is the maximum contemplated for a PD fluid, the glucose 
concentrate is dosed in 4 minutes . 

[0129] After this step, the concentrate line 116 is again 
rinsed with water, for example for 15 seconds. 
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[0130] Thereafter, the bicarbonate bag 105 is connected. 
The bicarbonate is normally stored at a concentration of about 
1000 mmol/1. First, valve 125 is closed and valve 126 is 
opened so that concentrate pump 13 0 pumps bicarbonate fluid 
out of bag 105. The flow rate may be the same, 20 ml/min, and 
the mixing and otorilisat ion s terilizat ion of bicarbonate fluid 
is discontinued when the weighing device determines that the 
required quantity has been removed from bag 105. If the final 
solution should contain 15 mmol/1, the concentrate pump is 
operated for 45 seconds to take 15 ml of concentrated 
bicarbonate solution out of bag 105. 

[0131] Finally, the concentrate line is rinsed once again 
and water is delivered to the outlet connector, until the 
final volume of fluid has been delivered to the bag connected 
at the outlet connector, which is determined by flow meter 114 
in combination with the weight losses measured by weighing 
device 108 and calculated into volumes by computer 111, taking 
into account the different densities of the concentrate 
fluids . 

[0132] This final filling of water also means that the mix 
of fluid in the bag connected to the outlet connector is 
agitated and mixed thoroughly. 

[0133] During the complete storilioat ion sterilization 
process described above, valves 13 8 and 141 are maintained in 
the same position directing all fluid to the outlet connector 
139. Thus, all fluid produced is delivered to the receiver, 
thereby minimising the time required for tfee — preparation of 
the complete fluid. 

[0134] In the example above, 1 litre — liter of final 
solution has been prepared, but in PD it is more normal that 2 
litres liters are generated each time, or any other volume as 
required by the user. 

[0135] It is contemplated that the concentrate fluid bags 
may include concentrate fluid required for a final fluid 
volume of about 12 — to 25 litres liters or more ± if required. 
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Then, the above sequence is repeated for each batch of 2 
litres liters to prepare . 

[0136] In certain applications for PD, bicarbonate is not 
used, but lactate is used as the sole buffer. In that case, 
the third bag in the concentrate assembly is unnecessary, and 
only two bags may be used. In that case, valve 126 is always 
closed. 

[0137] To prepare one batch of 1 litre liter ( 1,5% 1.5% 
glucose concentration) , takes about 7 minutes and 45 seconds, 
supposing that the RO unit delivers pure water at 120 ml/min 
and 25 ml electrolytes, 15 ml bicarbonate and 3 0 ml glucose 
are used. Thus, the waiting time between each PD exchange of 
about 2 litres liters has to be more than 15,5 15.5 minutes . 
This might be limiting in some circumstances as appears from 
an explanation of the drain and fill phases of a PD treatment 
below. 

[0138] In Fig. 6 is schematically shown a PD cycler 200 
intended to be used in the present invention. The PD cycler 
comprises a pressure chamber 201 enclosing a heater bag 202 
and a waste bag 203. The heater bag 202 is connected to the 
outlet connector 13 9 of fluid stcrilication sterilization 
device 100 of Fig. 5 for receiving a fresh 
storiliacd sterilized fluid for introduction into heater bag 
202. Heater bag 202 is connected with connector 139 via by 
means of a first tube 204 ending with a connector 205 mating 
with connector 139 and comprising a valve 206. A second tube 
207 connects heater bag 202 with a connector 208 to a patient 

(not shown) and the second tube 207 is controlled by a second 
valve 209. A third tube 210 connects the patient connector 208 
to the drain bag 203 v4a — by means of a third valve 211. 
Finally, a fourth tube 212 connects drain bag 2 03 with a waste 
line 213 via by means of a valve 214. Heater bag 202 and drain 
bag 203 rest on scales 215 which monitor the combined weight 
of the two bags . 

[0139] The operation of the PD cycler as schematically 
disclosed in Fig. 6, appears from the diagram of Fig. 7. The 
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diagram indicates the fluid volumes of the heater bag and 
drain bag during the different phases . 

[0140] After priming, which is more closely fully described 
below, the first phase of the treatment is a drain phase, at 
the start of which the heater bag is full of fluid, normally 
about — 2-r4 — litrcn 2.4 liters , and the drain bag is empty. The 
patient is connected and the third valve 211 is opened and a 
subpressure is exerted in pressure chamber 201. Fluid is 
withdrawn from the patient into drain bag 203 at a flow rate 
depending on the patient and the subpressure, normally from 

about 150 to 300 ml/min. When the peritoneal cavity of the 

patient is almost empty, which may be indicated by a decrease 
of the drain flow as measured by the scales 215, the drain 
phase is terminated. The drain phase is normally from about 7 
— to 10 minutes . 

[0141] The second phase is a fill phase, in which the 
peritoneal cavity of the patient is filled with fresh fluid 
contained in heater bag 202. An overpressure is exerted in 
pressure chamber 201 and valve 209 is opened, while the other 
valves are closed. The fill flow rate depends on the patient 
and the overpressure and may be about 150 ml/min. The fill 
phase is normally from about 10 — to 15 minutes. 

[0142] The third phase is the empty drain bag phase, in 
which an overpressure is exerted in the pressure chamber 201 
and valve 214 is open. The fluid in the drain bag is directed 
to a waste line 213. The volumes are always monitored by the 
scales 215. The third phase may be about 2 minutes, since a 
high overpressure may be used and the flow restriction is 
minimal . 

[0143] The fourth phase is heater bag fill with valve 206 
open. In this case, normally a subpressure is exerted in the 
pressure chamber 201. Fluid is received from the 
atcrilising sterilizing device 100 connected to connector 205 
at a flow rate of about 120 ml/min. The fourth phase is 
normally from about 15 — to 17 minutes. 
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[0144] Thus, a complete cycle is from about 34 to 44 

minutes. During a night treatment of 8 hours, it is possible 

to exchange from about 22 to 28 litrcs liters , in batches 

of 2 litrcs liters . 

[0145] If it is desired to increase the fluid volume 
further, the times in the different phases have to be 
shortened. It is noted that the heater bag fill time of from 
bout 15 — to 17 minutes could be shortened by increasing the 
flow rate of fluid from GtcriliGcr sterilizer 100. However, 
increasing the flow rate means considerable cost increases. 
[0146] Instead it is noted that the flow rate of the fluid 
delivered from GtcriliGcr sterilizer 10 0 is monitored by the 
GtcriliGcr sterilizer by flow meter 114 and weighing device 
108. Thus, it is possible to fill the heater bag during (part 
of) the drain cycle as indicated by the broken line 216 in 
Fig. 7. This is done by opening valve 211 during the heater 
bag fill phase, before the heater bag fill phase is 
terminated, such as 10 minutes in advance. If the drain phase 
is terminated before the heater bag is filled, the drain phase 
has to be continued until the heater bag filling is completed. 
However, it is no drawback to continue the drain phase longer, 
since that only results in some further fluid being drained, 
which normally is an advantage. Since the flow from the 
GtcriliGcr sterilizer is known, the PD cycler still has full 
control of the flow by using the reading from the scales and 
subtracting the inflow from the GtcriliGcr sterilizer . In this 
way, almost the complete drain phase can be saved in the cycle 
time, i.e, up to about 10 minutes. 

[0147] Another way of saving time is to fill the heater bag 
during the empty drain bag phase. It is recognised that the 
pressure chamber needs to have an overpressure to empty the 
drain bag. However, the Gtcrilioing sterilizing device is able 
to deliver stcriliGcd sterilized fluid under a slight 
overpressure. Thus, if valve 214 is open to pass fluid to the 
waste and valve 206 is open to allow fluid to enter the heater 
bag, and if there is an overpressure inside the pressure 
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chamber, the heater bag may be filled during the empty drain 
phase. Moreover, the pressure does not need to be reversed 
during the rest of the heater bag fill cycle, which normally 
is considerably longer than the empty drain bag phase. In this 
operation mode, it is still possible to keep accurate control 
over the ultrafiltration, since the volume of fluid drained 
from the patient and the volume of fluid filled into the 
patient are under full control of the mass balance device 215. 
[0148] If the cycle time needs to be further shortened, 
that is possible by the addition of a storage bag in the line 
set as indicated in Fig. 8. It is noted that the 
stcriliocr sterilizer has to direct the stcriliscd sterilized 
fluid to the waste 147 during the second phase filling the 
patient, when valve 206 is closed, as well under the third 
phase emptying the drain bag. 

[0149] In Fig. 8, the same components as in Fig. 6 have 
received the same reference numeral starting with 3 instead of 
2. The inlet tube 304 is provided with a branch line 316 
ending in a storage bag 317. When valve 306 is closed during 
the first, second and third phase, the GtcriliGcr sterilizer 
10 0 delivers PD solution into storage bag 317 yj^ -through tube 
316. The heater bag 302 may then be filled much faster from 
the storage bag 317 compared to the embodiment of Fig. 6. 
Thus, the heater bag fill phase may be reduced to about 2 
minutes or less. The efficiency of the complete device becomes 
dependent only on the cycler and its capacity to drain and 
fill the patient. The surplus time is merely 4 minutes, 2 
minutes for emptying of the drain bag and 2 minutes for 
filling the heater bag. The procedure has to be controlled if 
the stcrilisGr sterilizer is operated in the sequential mode as 
described in connection with Fig. 5, since the filling of 
heater bag has to start only when the concentrations are 
correct in storage bag 317, i.e. after the completion of a 
complete fill cycle from the otcrilipcr sterilizer . 
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[0150] The storage bag may also be used as an entry point 
for addition of medicaments or other additions, like insulin, 
antibiotic drugs, potassium chloride etc. 

[0151] It is recognised that the PD solution produced 
according to the steriliser s terilizer in Fig. 5 will produce 
sterile bicarbonate fluid and enter it in the storage bag 317, 
and then produce sterile glucose solution and subsequently 
enter that in the storage bag 317. Since the glucose fluid has 
a low pH, some of the bicarbonate will react and form carbon 
dioxide, which may be released as a gas. Thus, storage bag 317 
is provided with a valve and tube arrangement 318 to indicate 
when there is surplus gas in the storage bag 317 and expel it 
to the atmosphere. Another means for doing the same thing 
would be to include a sterile filter or hydrophobic filter at 
the top of storage bag 317. The gas may be expelled in a time 
interval when outlet valves 13 8 and 14 0 are opened (the 
position shown in Fig. 5) and pressure chamber 301 has an 
overpressure and valve 3 06 is open to exert an overpressure 
into storage bag 317 and expel gas therein. 

[0152] In the above example indicated in connection with 
Fig. 5, the bicarbonate concentrate was pteriliocd sterilized 
at a concentration of about 14 0 mmol/ litre liter 
(1000x20/140) . However, there is a risk that carbon dioxide is 
formed during heat sterili s ation sterilization at such a 
concentration, and thus, the concentrate pump may be operated 
at a lower speed during o tori li sat ion s terilizat ion of 
bicarbonate fluid . 

[0153] In Fig. 5, the concentrate fluid is preheated to 
quite a high temperature. This is performed in an efficient 
heat exchanger 121 in which the heating fluid is the final 
st eri lised sterilized fluid in the secondary circuit of the 
heat exchanger. Thus, the heat exchanger cannot have any point 
with higher temperature than the otorilising sterilizing 
temperature, and decomposition of the heat sensitive component 
is minimised. The further heating to the final 
Gtcrilioation sterilization temperature, i.e. from about 131°C 
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to about 141°^ takes place by the method of mixing with a 
fluid having a slightly higher temperature. Thus, the heat 
sensitive fluid component is never exposed to harsh 
conditions, such as hot points having excessively high 
temperatures, as may appear in an electric heater 123. Thus, 

favourable f avorab 1 e c ondi t i ons for less formation of 

degradation products are obtained. The temperature difference 
between the primary and secondary circuits of the heat 
exchanger is about 10°C, which is possible to obtain without 
excessive long residence times in the heat exchanger. 
[0154] In Fig. 5, there is a circuit not previously 
described for otorilioing sterilizing the equipment before use. 
In water line 115, a parallel circuit to valve 120 and heat 
exchanger 121 is arranged comprising valve 150 and the primary 
circuit of heat exchanger 143. When heat disinfection of the 
complete otGriliscr sterilizer 100 is to be performed before a 
treatment, valve 120 is closed, valve 150 is opened and heater 
123 is operated. The water passes from pump 117 via by means 
of valve 15 0 to heat exchanger 14 3 and further to heater 12 3 
to be heated to a temperature of, for example, 141°C. The hot 
water passes heat exchanger 121 but is not cooled appreciably 
since the primary circuit of exchanger 121 is disconnected and 
has no flow. The hot water after heat exchanger 121 passes 
through line 13 3 and via by means of valves 13 8 and 141 to 
heat exchanger 143 to give off its heat to the water passing 
at the primary side thereof. Finally, the water is discharged 
to the waste via — by means of res trie tor device 145, which 

lowers the pressure from about 2 to 6 Bar to atmospheric 

pressure . 

[0155] Thus, the on-line autoclave is self- 

st G riliscd sterilized and is ready for producing PD fluids. 
The self - st or ili sing s terili zing step may be performed in about 
3 0 minutes and is initiated under program control to happen 
take place shortly before the start of a PD treatment, which 
is scheduled in advance by a patient. When the self- 
Gtorilioation sterilization process is ready, the machine 



-40- 



awaits the arrival of the patient, which connects a disposable 
set, such as set 200 or 300^ to the outlet connector 139. 
Then, the device produces a quantity of sterile treatment 
fluid into the heater bag. However, before the patient is 
connected to connector 208, the tubes should be filled with 
fluid to displace the air therein. This is performed by 
attaching the connector 208 to a hook or attachment device on 
the cycler at approximately the same level as the heater bag. 
Then, valve 209 is opened to allow fluid to flow through tube 
207 to patient connector 208. Then, — the The connector 208 is 
then ready for connection to the patient. 

[0156] It is appreciated that the priming procedure 
described above takes about 20 minutes, since the heater bag 
must be filled with 2 litres liters of solution. If this time 
is too long for the patient to wait, it is possible to perform 
a partial fill of the heater bag with^ for example^ 5 dl 
solution produced in 4 minutes, and use this volume of fluid 
to prime the tubes and displace the air. Then, the patient may 
already connect himself to the connector 2 08 already after 4 
minutes of priming and then go to bed, while the machine 
produces the first fill volume. It is noted that there is 

normally about 2 to 4 dl of solution left in the heater 

bag, in order to prevent complete emptying of the heater bag, 
because there is often some air or gas in the top of the 
heater bag, which should not be delivered to the patient. The 
first priming solution may be different from the treatment 
solution, for example comprising physiological sodium 
chloride . 

Several embodiments of the invention have boon described above 
with reference to the — enclosed drawings . — It will be realised 
that — the — different — features may — be — combined — in — differ e nt 
manners — than indicated and such other combinations are within 
t-he — scope of the — invention. — The — invention is — only limited by 
the appended patent claims . 

[0157] Although the invention herein has been described 
with reference to particular embodiments, it is to be 
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understood that these embodiments are merely illustrative of 
the principles and applications of the present invention. It 
is therefore to be understood that numerous modifications may 
be made to the illustrative embodiments and that other 
arrangements may be devised without departing from the spirit 
and scope of the present invention as defined by the appended 
claims . 

329551 3 DOC 
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CLEAN COPY 

METHOD AND APPARATUS FOR STERILIZING A HEAT SENSITIVE FLUID 
FIELD OF INVENTION 

[0001] The present invention relates to a method and 
apparatus for producing a sterile medical solution. More 
specifically, the present invention relates to a method and 
apparatus for producing a sterile medical solution comprising 
a heat sensitive component, such as glucose. 
BACKGROUND OF THE INVENTION 

[0002] Medical solutions intended for mammals, specifically 
for use in humans, are required to be sterile before being 
infused or applied to the mammal. 

[0003] One available method for sterilizing a solution is 
to heat the solution to a sterilizing temperature and to hold 
the solution at the sterilizing temperature during a 
sterilizing time period. To obtain a sterile medical solution 
intended for infusion, the solution is normally heated in an 
autoclave to 121°C for 20 minutes to thereby produce said 
sterile medical solution. After the sterilizing time has 
elapsed, the solution should be cooled to a physiologically 
acceptable temperature before infusion. 

[0004] Known methods and apparatus for sterilizing a 
solution are disclosed, for example, in British Patent 
Applications Nos . 1,450,030; 1,504,334; and 2,034,584, and in 
U.S. Patent No. 5,603,894. These prior art publications 
describe the preparation of a medical solution starting from 
tap water and producing pure water by means of a reverse 
osmosis device, mixing a concentrate with the pure water to 
produce a non-sterile medical solution, passing the non- 
sterile medical solution through an on-line autoclave and 
delivering the sterile medical solution to a recipient, such 
as a storage bag or a patient. 

[0005] In the prior art, the complete medical solution is 
first prepared in a non- sterile condition and then passes 
through an autoclave. If the medical solution comprises heat 
sensitive components, these must not be exposed to too high a 



-1- 



temperature. Normally, the temperature is increased up to the 
sterilizing temperature and the medical solution is maintained 
at the sterilizing temperature for a sterilizing time period. 
If the temperature is 121°C / which is normal in an autoclave, 
the sterilizing time is 20 minutes to obtain a sterilizing 
dose, F 0/ of 20 minutes, as discussed below. Since the 
sterilizing effect is approximately exponential, an increase 
of the temperature by 10°C means a lowering of the sterilizing 
time by ten times. If a sterilizing temperature of 131°C is 
used, the sterilizing time should be 2 minutes, and if a 
sterilizing temperature of 141°C is used, the sterilizing time 
should be 12 seconds, in order to obtain a sterilizing effect, 
F 0 , of 2 0 minutes. 

[0006] If the medical solution comprises a heat sensitive 
component, like glucose, that component will deteriorate 
during the heat treatment. An example of a medical solution 
containing a heat sensitive component is a dialysis fluid for 
peritoneal dialysis (PD) . The decomposition or heat 
deterioration starts at a much lower temperature than the 
sterilizing temperature and is also present at room 
temperature. In order to safeguard the heat sensitive 
material, very short heating and cooling periods are desired 
so that the time/temperature profile becomes more or less 
rectangular. This is of greater importance if high sterilizing 
temperatures and short sterilization times are used. 
[0007] It is known to produce sterile medical solutions by 
including the medical solution in a bag and placing the bag 
inclusive of the medical solution, in an autoclave for heating 
and sterilization. 

[0008] A variant of this method is described in 
International Application No. WO 93/09820, in which the 
medical solution is divided into two portions, one comprising 
glucose at high concentration and the other comprising the 
rest of the solution. The double bag is heat sterilized in an 
autoclave. Shortly before use, the contents of the two 
chambers are mixed to produce the sterile medical solution. In 
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this way, the heat sensitive component, glucose, can be 
autoclaved under more appropriate conditions, such as at a low 
pH of approximately 3.2, and at a high concentration of 
approximately 50%, i.e. 500 grams of glucose per liter of 
glucose solution. 

[0009] A variant of the same methods is described in 
International Application No. WO 97/05852 disclosing a three- 
chamber-bag, in which two of the chambers comprise glucose 
solution and the third chamber comprises the rest of the 
solution. The glucose chambers may also include ionic 
components, such as calcium, magnesium and sodium. 

[0010] A further variant is described in International 
Application No. WO 99/27885. 

[0011] In the aforementioned concepts, the glucose portion 
is sterilized separately from the remaining portion of the 
solution. However, in order to fully sterilise the large 
compartment, the small glucose compartment may be over 
sterilized, resulting in deterioration of the heat sensitive 
component. A remedy for that problem is described in Swedish 
patent application No. 9803627-0, filed at the Swedish Patent 
Office on October 23, 1998. 

[0012] The problem of deterioration of a substance during 
autoclaving is also recognised in other fields of use, such as 
the production of sterile milk products. In order to obtain 
rapid heating and cooling of the product, it is not sufficient 
to use heat transfer by means of a heat transferring surface, 
like a heat exchanger. Instead, the product is mixed with 
steam at a predetermined temperature and pressure to condense 
the steam in the milk product. The milk product is sterilized 
by retention in a holding zone for a certain time period and 
at a temperature of from about 120 to 150°C, and is then 
transferred to a flash cooling step, in which water is 
evaporated in an evaporation chamber to rapidly cool the 
product. Such a process is described in, for example, 
International Application No. WO 98/07328. 
DISCLOSURE OF INVENTION 
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[0013] One object of the present invention is to provide a 
method and apparatus for producing a sterile medical solution 
having a gentle treatment of the heat sensitive component. 

[0014] Another object of the present invention is to 
provide a method and apparatus in which inexpensive heaters 
and heat exchangers can be used. 

[0015] A third object of the present invention is to 
provide a method and apparatus for sterilizing a medical 
solution in which the time/temperature profile for heating the 
heat sensitive component is essentially rectangular. 
SUMMARY OF THE INVENTION 

[0016] In accordance with the present invention, these and 

other objects have now been realized by the invention of a 
method for sterilizing a heat sensitive fluid comprising 
providing a first heat sensitive fluid component, providing a 
second fluid component, heating the second fluid component to 
a first temperature, the first temperature being greater than 
a predetermined sterilizing temperature, mixing the first heat 
sensitive fluid component with the heated second fluid 
component, whereby the first heat sensitive fluid component is 
heated and the heated second fluid component is cooled, and a 
mixed fluid is provided at a second temperature, the second 
temperature being at least the predetermined sterilizing 
temperature, and maintaining the mixed fluid at the second 
temperature for a predetermined sterilizing period, whereby a 
predetermined sterilizing dose is obtained for delivery to a 
recipient. Preferably, the method includes controlling the 
heating of the second fluid component to the first temperature 
to ensure that the mixed fluid reaches the second temperature. 

[0017] In accordance with one embodiment of the method of 
the present invention, the method includes cooling the mixed 
fluid. 

[0018] In accordance with another embodiment of the method 
of the present invention, the first heat sensitive fluid 
component comprises glucose or a glucose polymer. 
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[0019] In accordance with another embodiment of the method 
of the present invention, the second fluid component comprises 
water. Preferably, the second fluid component includes 
electrolytes, such as sodium chloride, calcium chloride, 
magnesium chloride, potassium chloride, sodium bicarbonate, or 
sodium lactate. 

[0020] In accordance with another embodiment of the method 
of the present invention, the method includes preheating the 
first heat sensitive fluid component. 

[0021] In accordance with another embodiment of the method 
of the present invention, the method includes maintaining the 
first heat sensitive fluid component and the second fluid 
component under a predetermined pressure sufficient to prevent 
boiling of the first heat sensitive fluid component and the 
second fluid component. Preferably, providing of the first 
heat sensitive fluid component and providing of the second 
fluid component comprises providing flows of these fluid 
components. In a preferred embodiment, the flow of the first 
heat sensitive fluid component comprises a first flow rate and 
the flow of the second fluid component comprises a second flow 
rate, the second flow rate being greater than the first flow 
rate . 

[0022] In accordance with another embodiment of the method 
of the present invention, the method includes determining the 
first and second flow rates by means of a weighing device or a 
flow meter, and maintaining the first heat sensitive fluid 
component and the second fluid component at the predetermined 
pressure by means of a pump. 

[0023] In accordance with another embodiment of the method 
of the present invention, the heat sensitive fluid component 
comprises a complex fluid comprising a plurality of first 
fluid components including the first heat sensitive fluid 
component, and the method includes sequentially sterilizing 
the plurality of first fluid components. In a preferred 
embodiment, the method includes providing a plurality of 
sources of concentrate fluid components for each of the 
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plurality of first fluid components, providing a source of the 
second fluid component, the second fluid component comprising 
water, pumping one of the plurality of sources of the 
concentrate fluid components so as to increase the pressure 
thereof, pumping the water so as to increase the pressure 
thereof, and repeating the method for each of the plurality of 
first fluid components. Preferably, the method includes 
preheating each of the plurality of first fluid components 
before the mixing with the heated second fluid component. 
Most preferably, the preheating comprises heat exchanging each 
of the plurality of the first fluid components with the 
predetermined sterilized dose. Preferably, the preheating 
comprises initially heating the second fluid component by heat 
exchange with the predetermined sterilized dose, and further 
preheating the second fluid component to the first temperature 
by means of a separate heater, preferably comprising an 
electric heater. Preferably, the method includes controlling 
the further preheating of the second fluid component by means 
of a temperature sensor downstream of the maintaining of the 
mixed fluid at the second temperature, whereby the second 
temperature is maintained at the at least the predetermined 
sterilizing temperature. 

[0024] In accordance with another embodiment of the method 
of the present invention, the method includes dissolving at 
least one powdered substance in the second fluid component to 
provide at least one of the first heat sensitive fluid 
components and the second fluid component. 

[0025] In accordance with another embodiment of the method 
of the present invention, the method includes providing a 
third heat sensitive fluid component, and mixing the first 
heat sensitive fluid component and the third heat sensitive 
fluid component with the heated second fluid component. 
Preferably, the third heat sensitive fluid component comprises 
water and at least one amino acid. 

[0026] In accordance with the present invention, an 
apparatus has also been discovered for sterilizing a heat 
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sensitive fluid comprising a first vessel containing a first 
heat sensitive fluid component, a second vessel containing a 
second fluid component, a first heater for heating the second 
fluid component to a first temperature, the first temperature 
being greater than a predetermined sterilizing temperature, 
mixing means for mixing the first heat sensitive fluid 
component with the second fluid component to obtain a mixed 
fluid at a second temperature at least equal to the 
predetermined sterilizing temperature, and residence means for 
maintaining the mixed fluid at the second temperature for a 
predetermined sterilizing period, whereby a sterilized fluid 
is provided for delivery to a recipient. Preferably, the 
apparatus includes a controller for controlling the first 
heater to obtain the first temperature. 

[0027] In accordance with one embodiment of the apparatus 
of the present invention, the apparatus includes a cooler for 
cooling the mixed fluid. 

[0028] In accordance with another embodiment of the 
apparatus of the present invention, the first heat sensitive 
fluid component comprises glucose or a glucose polymer. 

[0029] In accordance with another embodiment of the 
apparatus of the present invention, the second fluid component 
comprises water. Preferably, the second fluid component 
includes an electrolyte, including sodium chloride, calcium 
chloride, magnesium chloride, potassium chloride, sodium 
bicarbonate or sodium lactate. 

[0030] In accordance with another embodiment of the 
apparatus of the present invention, the apparatus includes a 
preheater for preheating the first heat sensitive fluid 
component . 

[0031] In accordance with another embodiment of the 
apparatus of the present invention, the apparatus includes 
pressurizing means for maintaining the first heat sensitive 
fluid component and the second fluid component at a 
predetermined pressure to prevent the first heat sensitive 
fluid component and the second fluid component from boiling. 
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[0032] In accordance with another embodiment of the 
apparatus of the present invention, the first heat sensitive 
fluid component and the second fluid component comprise fluid 
flows. Preferably, the fluid flow of the first heat sensitive 
fluid component has a first flow rate and the fluid flow of 
the second fluid component has a second flow rate, the second 
flow rate being greater than the first flow rate. Preferably, 
the apparatus includes flow rate determining means for 
determining the first and second flow rates, the pressurizing 
means comprising a pump. Preferably, the flow rate 

determining means comprises a weighing device or a flow meter. 
[0033] In accordance with another embodiment of the 
apparatus of the present invention, the first heat sensitive 
fluid component comprises a plurality of first fluid 
components including the first heat sensitive fluid component, 
and the apparatus includes means for sequentially sterilizing 
each of the plurality of first fluid components and the second 
fluid component. In a preferred embodiment, the means for 
sequentially sterilizing includes supply means for supplying 
the plurality of first fluid components, the first vessel 
comprising a plurality of containers for concentrates of the 
plurality of first fluid components, the second vessel 
comprising an inlet for the second fluid component, a 
concentrate pump for pumping one of the plurality of first 
fluid components from one of the plurality of containers 
whereby the pressure of the one of the first fluid components 
is increased, a water pump for pumping the second fluid 
component, the second fluid component comprising water, 
whereby the pressure of the second fluid component is 
increased, the heater comprising a water heater for heating 
the second fluid component to the first temperature, the 
mixing means comprising a mixer for mixing the one of the 
plurality of first fluid components and the heated second 
fluid component to provide said mixed fluid, the residence 
means comprising means for maintaining the mixed fluid at the 
first temperature for a predetermined sterilizing period to 
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provide a sterilized dose for delivery to a recipient, and 
including control means for controlling and repeating the 
sequential sterilizing of each, of the plurality of first fluid 
components to provide a final sterilized complex fluid. 
Preferably, the apparatus includes preheating means for 
preheating the one of the plurality of first fluid components. 
Most preferably, the apparatus includes a heat exchanger for 
recovering heat from the sterilized dose, the heat exchanger 
preheating the second fluid component by heat exchange with 
the sterilized dose, and the apparatus including a heater for 
heating the second fluid component to the first temperature. 
Most preferably, the apparatus includes a temperature sensor 
downstream of the residence means for controlling the heater, 
whereby the first temperature comprises a temperature at least 
sufficient to constitute the sterilizing temperature. 
[0034] In accordance with another embodiment of the 
apparatus of the present invention, at least one of the first 
and second vessels includes at least one powdered substance 
for dissolution in water to provide at least one of the first 
and second fluids . 

[0035] In accordance with another embodiment of the 
apparatus of the present invention, the apparatus includes a 
third vessel for containing a third heat sensitive fluid 
component. Preferably, the third heat sensitive fluid 

component comprises water and at least one amino acid. 

[0036] According to the present invention, a method of 
sterilizing a heat sensitive fluid is provided, comprising 
providing the fluid as a first heat sensitive component and a 
second less heat sensitive component; heating the second 
component to a first temperature higher than a predetermined 
sterilizing temperature; mixing the first component with the 
second component to thereby heat the first component and cool 
the second component, whereby the mixed components obtain a 
mixing temperature, which is at least equal to the sterilizing 
temperature; maintaining the mixed components at substantially 
the sterilizing temperature during a sterilization time 
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period, so that a predetermined sterilization dose is 
obtained; and delivering the mixed component to a recipient. 
[0037] Preferably, the first temperature is controlled to 
obtain a mixing temperature, which is at least equal to the 
sterilizing temperature. Moreover, it is preferred to cool the 
mixed components before delivery to the recipient. 
[0038] The first heat sensitive component may comprise 
glucose or a glucose polymer and the second less heat 
sensitive component may comprise water. More specifically, the 
second component may include electrolytes, selected from the 
group of substances comprising: sodium chloride, calcium 
chloride, magnesium chloride, potassium chloride, sodium 
bicarbonate and sodium lactate. 

[0039] It may be advantageous to preheat the first 
component. Normally, the temperature is above the boiling 
temperature at normal atmospheric pressure and, thus, the 
first and second components are maintained at a high pressure 
sufficient to prevent boiling. 

[0040] In one embodiment, the first and second components 
are provided as flows of fluid, in which the flow rate of the 
second component is larger than the flow rate of the first 
component . 

[0041] In order to separate the flow rate determination 
from the pressurising means, the flow rates are determined 
with a pair of scales or a flow meter, and the pressure is 
provided by a separate pump. 

[0042] In one embodiment of the present invention, the 
complex fluid is divided into several fluid components, which 
are sterilized separately, as described above, and 
sequentially and then mixed with the complex fluid. This may 
be performed by providing sources of concentrated fluid 
components and pure water; pumping a first concentrated fluid 
from the sources of concentrated fluids, to increase the 
pressure thereof; pumping pure water to increase the pressure 
thereof, and heating the pure water to the first temperature; 
mixing the first concentrate and heated pure water and 
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maintaining the mixed fluids at a sterilizing temperature for 
a sterilizing time to effect sterilization; delivering the 
sterilized and diluted concentrate fluid to a recipient; 
repeating the above method steps for each of the concentrated 
fluid components, to provide the final complex fluid for the 
recipient. The concentrated fluid may be preheated before 
being mixed with the heated water, for example by a heat 
exchanger by heat recovery from the sterilized fluid, which is 
cooled thereby. 

[0043] The second fluid may be preheated by heat recovery 
in a heat exchanger from the sterilized fluid, which is 
thereby cooled, and further heated to the first temperature by 
a separate heating device, such as an electric heater. The 
heating device may be controlled by a temperature sensor 
positioned downstream of the maintaining step, to ensure that 
a sterilizing temperature is obtained. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] Further objects, advantages and features of the 
present invention will appear from the following detailed 
description of several embodiments shown in the drawings, as 
follows : 

[0045] Fig. 1 is a top, elevational, schematic view of one 
embodiment of an apparatus for sterilizing a heat sensitive 
fluid according to the present invention; 

[0046] Fig. 2 is a top, elevational, schematic view of 
another embodiment of an apparatus according to the present 
invention; 

[0047] Fig. 3 is a top, elevational schematic view of a 
portion of yet another embodiment of an apparatus according to 
the present invention; 

[0048] Fig. 4 is a side, elevational, cross-sectional view 
of a heat sterilisable connector used in the apparatus 
according to Fig. 2; 

[0049] Fig. 5 is a top, elevational, schematic view of yet 

another embodiment of the apparatus according to the present 
invention; 
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[0050] Fig. 6 is a side, elevational, schematic view of one 
embodiment of a cycler which may be connected to the apparatus 
according to Figs , 2 or 4 ; 

[0051] Fig. 7 is a graphical representation of a time 
diagram of the fluid flows in the cycler according to Fig. 6; 
andFig. 8 is a side, elevational, schematic view of another 
embodiment of a cycler for use in connection with the 
apparatus of the present invention. 
DETAILED DESCRIPTION 

[0052] The fluid to be sterilized according to the present 
invention comprises a first non-heat-sensitive portion and a 
second heat sensitive portion. According to the present 
invention, these two portions are delivered separately to the 
sterilizing device into two separate inlets 1 and 2. 
[0053] With reference to Fig. 1, the first non-heat- 
sensitive component, which may comprise sodium chloride 
dissolved in water, is enclosed in a vessel 3 connected to the 
inlet 1. The second heat sensitive component, which may 
comprise glucose, is enclosed in a vessel 4 connected to the 
inlet 2. The fluid components are preferably provided at a 
temperature at which each component is relatively stable, such 
as room temperature . 

[0054] The first fluid portion from vessel 3 provided to 
inlet 1 is impelled by a first pump 5 to a heater 6, in which 
the first fluid portion is heated to a first high temperature. 
The second fluid portion is impelled by a second pump 7 and 
mixed with the first fluid portion at a mixing point 8 
disposed downstream of the heater 6. During the mixing, the 
second fluid portion is rapidly heated to a sterilizing 
temperature, while the first fluid portion is cooled to the 
same sterilizing temperature. The second fluid portion does 
not make direct contact with the heater surface and so damage 
is minimised. 

[0055] In order to promote rapid mixing, the fluids are 
impelled at such conditions that turbulent flow prevails at 
least after the mixing point 8. In addition, flow mixing means 
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may be arranged in the flow path, such as at the mixing point 
8 or in the flow path downstream of mixing point 8. Such flow 
mixing means may be flanges or wings in the flow path. 
[0056] The mixed fluid portions pass through a sterilizing 
tube section 9 which is dimensioned to provide a predetermined 
resident or sterilizing time period for the mixed fluids at 
the sterilizing temperature. The tube section may be insulated 
as indicated by box 10 in order to maintain the mixed fluids 
at the sterilizing temperature for the sterilizing time 
period. After the sterilizing time period, the mixed fluids 
are sterile, since the second fluid portion has been subjected 
to the sterilizing temperature during a sterilizing time 
period and the first fluid portion has been exposed to a still 
higher temperature for a still longer time period, thus being 
overs terili zed. 

[0057] The sterilizing dose is a function of temperature 
and time and is defined according to the formula: 



Fo = 



(T-121) /10 
10 dt 



0 

in which 

F 0 = the sterilization dose, in minutes 
T = temperature 
t = t ime 

[0058] If the sterilizing temperature is 121°C and the time 
is 20 minutes, a sterilization dose, F 0 , of 20 minutes is 
obtained. If the sterilizing temperature is 141°C and the time 
is 12 seconds, a sterilization dose F 0 of 20 minutes is also 
obtained. A sterilizing dose F 0 of 20 minutes is considered 
sufficient, however, in certain applications, a sterilizing 
dose F 0 of 10 minutes or even lower may be sufficient. 
[0059] In the above example, the first fluid portion may 
comprise sodium chloride at a concentration of 15 0 mM, sodium 
lactate at a concentration of 38.8 mM, magnesium chloride at a 
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concentration of 0.56 mM and calcium chloride at a 
concentration of 1.89 mM. The second fluid portion may 
comprise glucose at a concentration of 40%, i.e. 400 g glucose 
per liter of solution. The first fluid portion flow rate is 45 
ml/min and the second fluid portion flow rate is 5 ml/min. The 
resulting mixture has the following composition: sodium 
chloride 135 mM, sodium lactate 35 mM, magnesium chloride 
0.5 mM, calcium chloride 1 . 7 mM and glucose 4%. The first 
fluid portion is heated from 20°C to 155°C by the heater 6. The 
second fluid portion is heated from 20°C to 141°C during 
mixing, while the first fluid portion is cooled from 155°C to 
141°C. The resident or sterilizing time period is 12 seconds, 
resulting in a sterilizing dose, F 0/ of 20 minutes. The 
resulting sterilized fluid mixture is cooled by a cooler 13 
and delivered to an outlet 11 and collected in a vessel 12. A 
pump 20 or other device may be arranged to control the flow to 
the vessel 12. The sterile fluid may be used as a peritoneal 
dialysis solution to be delivered to the peritoneal cavity of 
a patient. 

[0060] Other medical fluids may be produced by the device 
according to the present invention, such as hemodialysis 
solutions, infusion solutions used in hemodiaf iltration or 
hemof iltration, replacement fluids for infusion in the blood, 
wound irrigation solutions, rinsing solutions, etc. Moreover, 
nutrition solutions often comprises amino acids, which are 
heat sensitive, and glucose, which is heat sensitive, and 
cannot be sterilized together with amino acids. Certain drugs, 
such as insulin, may be produced or included in a fluid 
administered to a patient, and the drug component may be heat 
sensitive. Certain medical fluids comprise peptides, proteins 
or fragments thereof, which normally are heat sensitive. 
Preservation fluids for blood component handling may also 
comprise heat sensitive components, at least glucose. In 
certain cases, glucose is replaced with or complemented with 
glucose polymers, di-sacharides , tri-sacharides etc. Certain 
carboxylic acids are heat sensitive and may be included in 
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such fluids. Solutions comprising calcium or magnesium ions 
and carbonate or bicarbonate ions may precipitate upon 
exposure to a sterilizing temperature, and need to be 
sterilized with the carbonate or bicarbonate separate from the 
calcium or magnesium containing solution. 

[0061] In order to control the above procedure, one or more 
temperature sensors are provided. A first temperature sensor 
14 may be arranged immediately downstream of the heater 6 to 
determine the temperature of the first fluid portion after 
heating. A second temperature sensor 15 may be arranged 
between the second inlet 2 and the mixing point 8 to determine 
the temperature of the second fluid before mixing. A third 
temperature sensor 16 may be arranged downstream of the mixing 
point to determine the mixing temperature. A fourth 
temperature sensor may be arranged downstream of the 
sterilizing section 9 to determine the sterilizing 
temperature. A fifth temperature sensor 18 may be arranged 
downstream of cooler 13 to determine the temperature of the 
fluid delivered to vessel 12. Not all of these five 
temperature sensors are needed, so that one or more thereof 
may be excluded. 

[0062] A control processor 19 may be arranged to control 
the sterilizing device according to the present invention. As 
shown in Fig. 1, the five temperature sensors are connected to 
the processor as well as the pumps, 5, 7 and 20, to provide 
measurements of the temperatures and flow rates. The pumps, 5, 
7 and 20, may be volumetric pumps, also acting as flow meters. 
Alternatively, separate flow meters may be provided. The 
processor controls the heater 6 to provide the required 
temperature downstream of the heater, as measured by 
temperature sensor 14, to provide the sterilizing temperature 
after mixing, as measured by temperature sensors, 16 and 17. 
The processor calculates the residence time in the sterilizing 
section 9 based on the flow rates of pumps, 5 and 7, and the 
known volume of the sterilizing section 9. Finally, the 
processor may determine the obtained sterilizing dose, F 0 . 
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[0063] The control processor 19 may obtain all necessary- 
information in order to calculate the sterilizing effect from 
the flow rates of pumps 5 and 7 and the temperature of sensor 
17 . 

[0064] As also shown in Fig. 1, the fluids provided to 
inlets 1 and 2 may be preheated by preheaters, 21 and/or 22. 
[0065] Since the sterilizing apparatus shown in Fig. 1 is 
intended to heat the fluids to temperatures well above 100°C, 
it is required to keep the fluids from boiling. This may be 
done by enclosing the entire apparatus in an enclosure 23, as 
shown by broken lines in Fig. 1, and raising the pressure 
inside the enclosure to a pressure sufficient to prevent 
boiling, such as from about 3 to 6 Bar absolute pressure. 
[0066] It is known that glucose decomposes when exposed to 

heat, and is thus a heat sensitive component of the fluid. 
Glucose also decomposes during storage. It is known that 
several factors influence the decomposition of glucose, among 
which are pH, temperature, time, glucose concentration and 
mixing with certain ionic components . Glucose decomposes into 
components, some of which may be more or less toxic or are 
able to induce toxic reactions by including precursors for 
such reactions. If the resulting fluid is to be used as a 
medical fluid for infusion into a human being or other mammal, 
the toxic components or precursors should be minimised. 
[0067] In order to sterilise the fluid it is necessary to 
expose the fluid to sterilizing conditions. There are several 
methods available, such as heat sterilization (autoclaving) , 
filter sterilization and other methods. The present invention 
is limited to heat sterilization. 

[0068] During heat sterilization, it is known that 
decomposition of glucose can be minimised if glucose is 
sterilized during a short time at a high temperature. The 
rationale is that the decomposition reaction is less sensitive 
to high temperature than in the sterilizing reaction. 

[0069] In order to minimise the decomposition before 
sterilization, it is advantageous to store the fluid at a low 
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pH and at a high concentration, which is suggested according 
to the present invention. The pH may be from about 2.6 to 5.0, 
and preferably about 3.2. The concentration may be above 15%, 
or above 2 0%, with 40% to 50% being preferred, calculated as 
weight of glucose per liter solution. 

[0070] The sterilization may take place during a short time 
and at a pH of below about 5.5 and at a final dilution 
concentration. It is believed that the short time is of 
greater importance than the other factors for avoiding 
decomposition into toxic components of glucose during the 
sterilization process. 

[0071] It is also recognised that glucose may decompose 
into precursors for AGE (advanced glucosylation end products) . 
When a glucose solution comprising precursors for AGE contacts 
proteins in the body, a non-enzymatic reaction takes place, 
resulting in AGE formation. The long term effect of AGE is 
still not well known. Gentle heat sterilization of glucose as 
suggested in the present invention is expected to reduce the 
level of glucose degradation products of the type of AGE 
precursors . 

[0072] An alternative embodiment of the present invention 
is shown in Fig. 2. In this embodiment the sterilizing device 
according to the present invention is integrated in a PD 
monitor which is arranged to provide a PD solution to a 
patient. The PD solution is prepared from two concentrates 
provided in two concentrate bags 51 and 52 and connected to 
concentrate input connectors 56 and 57, and a supply of pure 
water, for example provided from a reverse osmosis (RO) unit 
53 connected to a water input connector 58 for connection to a 
potable water supply. The sterilized PD fluid is delivered to 
a PD cycler 55, which is, in turn, connected to a PD fluid 
output connector 59 for delivery to the patient. 

[0073] Each of the three input connectors and the output 
connector is arranged as a heat sterilisable connector device 
as shown in more detail in Fig. 4. Such a heat sterilisable 
connector device 30 is described in International Application 
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No. WO 96/05883 and comprises a spike 31 opening into a bore 
32 in a housing 33. The bore is arranged to receive a 
connector 3 5 connected to a vessel or bag, for example 
comprising the concentrate. The connector has a shape which is 
complementary to the bore, such as cylindrical, and which may 
be inserted into the bore to seal the bore by means of an CD- 
ring 37. The connector is further provided with a membrane 35a 
which is pierceable by spike 31. The connector 35 is operable 
by a piston 3 9 to be pushed into the bore into a first 
position sealing the bore 32. The piston is operable by a 
motor 3 8 operating a screw and nut arrangement 3 8a or any 
other suitable driving device, like a pneumatically or 
hydraulically operated device. 

[0074] During operation, the connector 35 is inserted in 
the bore 32 into co-operation with the O-ring 37. A rinsing, 
disinfecting and/or sterilizing fluid is circulated through 
the spike 31 into the bore 32 and out through a side opening 
3 6 in the bore. The spike, bore and the membrane of the 
connector are thus rinsed, disinfected and/or sterilized. When 
the rinsing, disinfecting and/or sterilizing operation is 
finished, the piston 39 pushes the connector 35 further into 
the bore 32 so that the spike 31 penetrates the membrane 3 5a 
to thereby establish a connection between the spike and the 
vessel connected to the connector 35. At the same time, the 
connector seals off the side opening 3 6 and an area around the 
spike 31. 

[0075] The connector device 30 may also be used without 
inserting a connector 35 by passing the piston 3 9 into the 
bore 32 into co-operation with the O-ring seal 37 to establish 
a flow path through spike 31 into side opening 36. 

[0076] Returning now to Fig. 2, each of the inputs, 56, 57 
and 58, and the output 59 is arranged as a connector device 3 0 
of Fig. 4. Input 56 is arranged to connect a first concentrate 
bag 51 to a first metering pump 60 and input 57 is arranged to 
connect a second concentrate bag 52 to a second metering pump 
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61. Input 58 is connected to RO-unit 53 and a third pump 62 is 
arranged to pump pure water from RO-unit 53. 

[0077] Pumps 62 and 60 are driven to mix the concentrate 
from bag 51 with pure water from RO-unit 53 to provide a 
desired concentration. A conductivity cell 63 may be arranged 
to measure the conductivity of the mixture and may control 
pump 60 and/or 62 to obtain the required conductivity and thus 
the desired concentration. Pump 62 is preferably driven to 
provide a constant flow of, for example, 54 ml/min and at the 
same time increase the pressure to from about 3 to 6 Bar 
absolute pressure, to avoid boiling during sterilization. The 
fluid provided so far is the first heat-insensitive fluid 
mentioned above. 

[0078] The first fluid passes through a first heat 
exchanger 64 comprising a primary circuit 64a for heating the 
first fluid, for example from about 20°C to 100°C. Then, the 
first fluid passes through a heater 65, such as an electric 
heater powered by an electric power supply 66, to heat the 
first fluid to a temperature of 155°C. 

[0079] The second, heat sensitive, fluid from bag 52 is 
pumped by pump 61, at a flow rate of 6 ml/min to a mixing 
point 67 immediately downstream of heater 65 to mix with the 
first fluid. The second fluid is thus rapidly heated from room 
temperature to a temperature of 141°C by being mixed with the 
hot first fluid, which at the same time cools down to 141°C. 

[0080] Then, the mixed fluids pass through a sterilizing 
unit 68 comprising a tube 68a of a length suitable for 
providing a residence time, giving the required sterilizing 
time, such as 12 seconds. The tube is embedded in an 
insulating material 68b to minimize temperature decrease 
during the residence time. 

[0081] Immediately downstream of the sterilizing unit 68 is 
a temperature sensor 69, which controls the power supply 66 so 
that the temperature is the desired sterilizing temperature, 
such as 141°C. 
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[0082] Pump 61 is controlled in order to deliver the heat 
sensitive fluid in the amount desired. For example, if the 
heat sensitive fluid is glucose at a concentration of 40%, the 
flow rate should be 6 ml/min to give a final concentration of 
4% if the first flow rate is 54 ml/min. If a concentration 
of 1.5% is desired, the flow rate should be 2.1 ml/min and if a 
concentration of 2.5% should be obtained, the flow rate should 
be 3.6 ml/min. In each case, the temperature sensor adjusts 
the power supply to heat the first fluid to a suitable 
temperature so that the sterilizing temperature is obtained. 
[0083] Downstream of the sterilizing unit 68, the now 
sterilized fluid enters the secondary circuit 64b of the heat 
exchanger 64 to rapidly decrease the temperature of the 
sterilized fluid, for example to 60°C. Then, the sterilized 
fluid passes a flow restrictor 70 to decrease the pressure to 
close to atmospheric pressure. Preferably, the flow restrictor 
70 is controlled by a pressure sensor 71, so that the pressure 
before the restrictor is the desired pressure to prevent 
boiling, such as 6 Bar absolute pressure. 

[0084] From the flow restrictor 70, the sterilized fluid is 
delivered to the output 59, which is connected to a PD cycler 
55. A pressure relief valve 72 is arranged to connect the 
sterilized fluid to a waste 73 if the pressure of the fluid 
exceeds a predetermined value, such as 150 mmHg above 
atmospheric pressure. 

[0085] The PD cycler may be of the type described in 
International Application No. WO 95/20985, comprising a 
pressure chamber. A disposable line set is connected between 
the outlet connector and the patient and comprises a heater 
bag and a drain bag, a drain line and a supply line. The 
heater bag and a drain bag are arranged on a weighing device, 
such as a pair of scales . Four valves in a valve unit are 
arranged to operate on the drain and supply lines. Finally, 
the line set comprises a PD connector for connection to a 
catheter into the peritoneal cavity of the patient. The PD 
fluid from outlet 59 is supplied to the heater bag by means of 
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the valve unit until the scales indicate that the heater bag 
has been filled to a predetermined volume, such as 3 liters. 
Then the patient is drained by exposing the pressure chamber 
to a subpressure to withdraw fluid in the peritoneal cavity of 
the patient out through the open valve unit into the drain 
bag. The combined weight of heater bag and drain bag is 
weighed and the drain phase is terminated when it is 
determined that the drain flow rate is below a predetermined 
limit or a drain time has elapsed. The drain flow rate is 
determined by means of the weighing device. Then, the pressure 
chamber is exposed to an overpressure and the valve unit is 
opened to allow the fresh sterilized PD fluid to flow into the 
peritoneal cavity of the patient. The flow rate and the 
delivered fluid volume is monitored, and the fill phase is 
terminated when a desired fill volume has been delivered. The 
temperature of the heater bag is controlled by a heating 
device and temperature sensor so that the fluid delivered has 
a temperature of about 3 7°C. Finally, the drain bag is emptied 
to the waste by opening the valve unit and exposing the 
pressure chamber to an overpressure. 

[0086] When the patient has been exposed to a fluid 
exchange as described above, the PD fluid is left in the 
peritoneal cavity for a dwell time until the next exchange 
cycle. During the dwell time period, the sterilizing device 
provides new sterile fluid to the heater bag. It takes about 
33 minutes to produce a fill volume of 2 liters if sterile 
fluid is produced at 60 ml/min. 

[0087] It may be desirable to include a cooler 82 after the 
flow restrictor 70 in order to further decrease the 
temperature before delivering the fluid to the heater bag. The 
cooler may be a Peltier cooler or a heat exchanger of 
conventional design, using cold water or a cooling medium as 
heat energy absorption medium. A cooler 91, such as a Peltier 
cooler, may alternatively or additionally be placed after 
residence device 68 and before heat exchanger 64, in order to 
rapidly cool the heat sensitive mixture to a safe temperature, 
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such as from 141°C to 120°C. In this manner, the heat sensitive 
component is rapidly heated from room temperature to 
sterilization temperature of 141°C at mixing point 67, is 
maintained at the sterilizing temperature during 12 seconds by- 
residence device 68 and is then rapidly cooled to 120°C by 
Peltier cooler 91 and then further cooled to room temperature 
in the slightly slower heat exchanger 64 

[0088] The sterilizing device needs to be disinfected at 
suitable intervals, for example once per day or once per week. 
For that purpose, the side openings of the connector devices, 

56 , 57, 58 and 59, are used. The side opening 83 of RO inlet 
58 is connected to the side opening 82 of outlet 59 through a 
line 84. The side opening 85 of first inlet 56 is connected to 
the flow line 86 between RO inlet 58 and the pump 62 through a 
line 87. The side opening 88 of second inlet 57 is connected 
to the line 89 between heater 65 and sterilizing unit 68 
through a line 90. 

[0089] During disinfection, the sterilizing device is 
filled with pure water obtained from the RO-unit. Then, 
connectors, 57, 58 and 59, are disconnected from the 
respective sources and the piston is arranged in the position 
in conjunction with the O-ring, in order to seal the bore 32 
of the connector opening, (see Fig. 4) . 

[0090] Thus, the RO-inlet connector 58 and the outlet 
connector 59 are connected through line 84 and side openings 
82 and 83. The second inlet connector 57 is in the same 
position so that a circulating path is obtained by means of 
pump 61, line segment 89, line 90, side opening 88 and inlet 

57. A disinfecting solution is provided in a vessel connected 
to the first inlet 56. The disinfecting fluid may be sodium 
carbonate, citric acid or any other known disinfection fluid. 
Pumps 62 and 61 are operated to circulate the water in the 
circuits. Finally, pump 60 is operated to infuse disinfection 
fluid into the water until a sufficient disinfectant 
concentration has been obtained. The surplus water is rejected 
by means of relief valve 72 to the waste 73 . Pump 62 
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circulates the disinfection fluid through the complete 
sterilization device and the outlet 59 is connected to the 
inlet 58 through line 84 to complete the circuit. The 
disinfection fluid may be left in the machine until the next 
use. Before the next use, the machine is rinsed with pure 
water through inlet 58 from the source of RO-water. 
[0091] Descaling with citric acid or other descaling agent 
is performed in the same manner. 

[0092] In order to avoid dripping from the connectors, the 
inlet connectors, 56, 57 and 58, and the outlet connector 59 
are positioned at the highest position of the flow path and at 
the same level . 

[0093] The machine may be emptied by opening all inlets, 
56, 57 and 58, and the outlet 59 and by opening the relief 
valve 72, which is positioned at the lowest point of the flow 
path, and by allowing air to enter all lines and devices. 

[0094] During chemical disinfection and/or descaling, the 
heater 65 may be turned off or adjusted to heat the fluid to a 
low temperature. The flow restrictor 70 may be opened. 

[0095] In heat sterilization, the fluid in the entire 
circuit is heated to 121°C and circulated for at least 20 
minutes to obtain sterilization of the entire circuit. In this 
case, pressure relief valve 72 is operated to permit a 
pressure of 2 Bar, thereby preventing boiling of the water in 
the circuit at 121°C. 

[0096] The same or a similar procedure may be used for 
sterilizing the flow path of the sterilizing device. The fluid 
circuit is arranged for a treatment with all connectors 
inserted in respective bore 32 in the non-engaged position. 
The circuit is filled with water, which is circulated by pump 
62. Flow restrictor 70 is opened and relief valve 72 is 
adjusted to a pressure of from about 2 to 3 Bar absolute 
pressure. First inlet connector 56 is operated to connect the 
vessel 51 to the circuit. Then, pump 60 is operated to 
introduce some fluid (electrolyte fluid) in the circuit until 
the pressure reaches about 2 to 3 Bar absolute pressure. Since 
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the fluid circuit is relatively non- compliant , the volume of 
fluid introduced is very small. Then, the heater is activated 
to heat the water present in the circuit to a temperature of 
121°C and the circulation continues for 20 minutes or longer, 
until sterilization is obtained. Pump 61 is operated 
simultaneously to sterilise the circuit comprising inlet 
connector 57. 

[0097] After sterilization has been obtained, RO inlet 58 
is activated to connect RO-unit 53 to the circuit and at the 
same time disconnect bypass line 84. Pump 60 is stopped, and 
heater 65 is activated. Flow restrictor 70 is activated and 
pressure relief valve 72 is adjusted to the normal value of 
150 mmHg overpressure. Thus, sterile water is produced and 
delivered to the waste 73 by means of relief valve 72. Then, 
the second inlet is activated to connect vessel 52 and pumps, 
60 and 61, are operated to provide a PD fluid. When stable 
conditions are obtained, the outlet 59 is activated to deliver 
sterilized fluid to the heater bag. 

[0098] During the drain and fill phases of the PD cycler, 
the sterilizing device may continue to produce PD fluid. 
However, since the valve unit is closed, the PD fluid produced 
is directed to the waste 73 by means of relief valve 72. Since 
the drain and fill phases may last up to 20 minutes or more, a 
considerable amount of PD fluid is wasted. To minimise such 
waste, pumps 60 and 61 may be stopped during the periods when 
the heater bag is not being filled, and the sterilizing device 
is only producing and wasting sterile water. 

[0099] The first and/or second concentrates may comprise 
the same substances or components as mentioned above, however, 
with the contents of the first vessel 51 concentrated by 
omitting some of the water. The contents of the first vessel 
may be concentrated, for example, about 30 to 40 times. 
In an alternative embodiment, the PD fluid is intended to 
comprise bicarbonate instead of or in addition to lactate. 
Calcium cannot be included in the same vessel as bicarbonate, 



the fluid circuit is relatively non- compliant , the volume of 
fluid introduced is very small. Then, the heater is activated 
to heat the water present in the circuit to a temperature of 
121°C and the circulation continues for 2 0 minutes or longer, 
until sterilization is obtained. Pump 61 is operated 
simultaneously to sterilise the circuit comprising inlet 
connector 57. 

[0097] After sterilization has been obtained, RO inlet 58 
is activated to connect RO-unit 53 to the circuit and at the 
same time disconnect bypass line 84. Pump 60 is stopped, and 
heater 65 is activated. Flow restrictor 70 is activated and 
pressure relief valve 72 is adjusted to the normal value of 
150 mmHg overpressure. Thus, sterile water is produced and 
delivered to the waste 73 by means of relief valve 72. Then, 
the second inlet is activated to connect vessel 52 and pumps, 
60 and 61, are operated to provide a PD fluid. When stable 
conditions are obtained, the outlet 59 is activated to deliver 
sterilized fluid to the heater bag. 

[0098] During the drain and fill phases of the PD cycler, 
the sterilizing device may continue to produce PD fluid. 
However, since the valve unit is closed, the PD fluid produced 
is directed to the waste 73 by means of relief valve 72 . Since 
the drain and fill phases may last up to 2 0 minutes or more, a 
considerable amount of PD fluid is wasted. To minimise such 
waste, pumps 60 and 61 may be stopped during the periods when 
the heater bag is not being filled, and the sterilizing device 
is only producing and wasting sterile water. 

[0099] The first and/or second concentrates may comprise 
the same substances or components as mentioned above, however, 
with the contents of the first vessel 51 concentrated by 
omitting some of the water. The contents of the first vessel 
may be concentrated, for example, about 30 to 40 times. 
In an alternative embodiment, the PD fluid is intended to 
comprise bicarbonate instead of or in addition to lactate. 
Calcium cannot be included in the same vessel as bicarbonate, 
because of the risk of precipitation of calcium carbonate. In 
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that case, the calcium chloride may be included in the second 
vessel 52 in a suitable concentration. The calcium 
concentration will then be proportional to the glucose 
concentration, which may result in a calcium neutral PD fluid. 
Another advantage of including the calcium ions in the second 
vessel is that scaling of the pipe system is avoided before 
the mixing point 67, and the requirement for descaling would 
decrease . 

[0100] Each of the sterilizable connectors may be replaced 
by a conventional connector device and a three way valve of 
conventional type, as shown in more detail in Fig. 3, which 
shows an alternative embodiment of the present invention. 
[0101] Fig. 3 shows an alternative design of a mixing 
system delivering the mixed fluids in parallel through the 
residence device. Fig. 3 shows only the right-hand portion of 
Fig. 2 to the right of pump 62 and pressure sensor 70. The 
left-hand portion may be identical to the embodiment shown in 
Fig. 2. The same components as in Fig. 2 have received the 
same reference numerals, but 10 0 is added to the reference 
numbers. Thus, there is shown a heat exchanger 164 comprising 
a primary circuit 164a and a secondary circuit 164b and a pump 
device 164c. An electrolyte solution or pure water is 
conducted through line 189 through heat exchanger primary 
circuit 164a and a second heater 165, for example an electric 
heater controlled by a temperature sensor 169. 

[0102] A first bag 152a comprising a heat sensitive first 
component such as glucose is connected by means of a connector 
192a to a three-way valve 157a. The first component passes 
from the three-way valve 157a to a pump 161a and further to a 
mixing point 167a, in which the first component is heated to 
141°C by mixture with a heated electrolyte component, having a 
temperature sufficient for promoting such heating by mixing, 
the temperature being, for example, 155°C. The mixing 
temperature is controlled by a temperature sensor 169a, which 
operates a throttle valve 193a disposed before the mixing 
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point 167a. By throttling the valve 193a, a sufficient flow 
rate for obtaining said temperature is adjusted. 

[0103] A second bag 152b comprising a heat sensitive second 
component, such as amino acids, is connected by means of a 
connector 192b to a three-way valve 157b. The second component 
passes from the three-way valve 157b to a pump 161b and 
further to a mixing point 167b, in which the second component 
is heated to 141°C by mixture with a heated electrolyte 
component, having a temperature sufficient for promoting such 
heating by mixing, the temperature being, for example, 155°C. 
The mixing temperature is controlled by a temperature sensor 
169b, which operates a throttle valve 193b arranged before the 
mixing point 167b. By throttling the valve 193b, a sufficient 
flow rate for obtaining said temperature is adjusted. 

[0104] The two heat sensitive components heated to 
sterilizing temperature by mixture with the electrolyte 
component are handled in parallel in two separate lines, 194a 
and 194b, which pass in parallel through the residence device 
168, the pre-cooler 191, if present, and to heat exchanger 
secondary circuit 164b. After cooling in the heat exchanger, 
the two fluids are mixed in a Y-connector 195 before entering 
the restriction device 70 (see Fig. 2) . The bags 152a and 152b 
are weighed and when a sufficient amount of fluid has been 
taken out from each bag, valve 157a and/or valve 157b are 
switched to stop the flow of first and/or second components 
from bags 152a and 152b, respectively. 

[0105] During sterilization, the three-way valves, 157a and 
157b, are connected according to the broken lines in Fig. 3, 
in order to pass fluid, by means of pumps, 161a and 161b, in 
the fluid lines to and from the three-way valves, 157a and 
157b, through lines 190a and 190b. 

[0106] It can be seen that more than two heat sensitive 
components may be handled in parallel by adding further bags 
152 and further lines 194. The same procedure may be adopted 
for components which are less heat sensitive, to obtain a 
simple system, whereby the electrolyte component may be 
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replaced with pure water, and thus, the electrolytes may be 
added one by one, or several at a time. 

[0107] A further alternative embodiment of the present 
invention is shown in Fig. 5. From the left, the device 100 
comprises a connector 101 for connection to a source of pure 
water, such as an RO-unit (not shown) . The device further 
comprises three concentrate connectors, 102, 103 and 104, 
which may be integrated into a single connector device. Each 
of the connectors, 102, 103 and 104, connects to a vessel or 
bag comprising a concentrate, such as a first bag 105 
comprising a concentrated bicarbonate solution, a second bag 
106 comprising electrolytes, such as sodium chloride, 
magnesium chloride, calcium chloride, and sodium lactate, at a 
predetermined pH, and a third bag 107 comprising glucose at a 
concentration of 50%. The bags include the components 
necessary for the final solution, as discussed in more detail 
below. The components are divided into separate bags because 
they cannot be stored together, or they cannot be sterilized 
together, or for other reasons. 

[0108] Alternatively, one or more of the vessels or bags, 
105, 106 and 107, may comprise a powder instead of a solution, 
in which case appropriate dissolution means may be provided. 
[0109] Conveniently, the bags, 105, 106 and 107, are 
combined into a single assembly. The combined assembly of bags 
is attached to a weighing device 108, so that the weight of 
the assembly is monitored. The connectors, 102, 103 and 104, 
are attached to the ends of flexible tubes of PVC or other 
suitable pliable material, so that the connectors and tubes do 
not significantly influence the weight of the assembly. 
The RO inlet connector 101 is connected to a line system 
including a first inlet line 109. Inlet line 109 is provided 
with a inlet valve 110, to isolate the device 100, if 
required. Inlet valve 110 is normally closed, but is opened 
upon activation by a control device 111, shown by broken 
lines. The control device may be a computer or microprocessor 
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or any other control device. Normally, it is the control 
computer of the complete device. 

[0110] Inlet line 109 further comprises a heater 112 and a 
temperature sensor 113, which operate together to adjust the 
temperature of incoming pure water to a predetermined 
temperature of, e.gr., 25°C, in order to make the device 
independent of incoming water temperature . 

[0111] Inlet line 109 further comprises a flow meter 114 
for measuring the complete inlet flow through inlet connector 
101, for a purpose to be described later. 

[0112] Downstream of flow meter 114, inlet line 109 is 
divided into water line 115 and concentrate line 116. Water 
line 115 comprises a first pump 117 for increasing the 
pressure of the water in water line 115 downstream of the pump 
to a pressure of from about 2 to 6 Bar absolute pressure. The 
pressure is measured by a first pressure sensor 118 and 
monitored by a second pressure sensor 119. The first pressure 
sensor 118 is connected to the control system of computer 111, 
while the second pressure sensor 119 is connected to a 
parallel supervising system for ensuring the safety of the 
system. Several of the sensors are duplicated in this manner 
to provide independent data to the supervisory system or 
processor, even if not explicitly indicated in the drawings. 
[0113] Water line 115 further comprises a valve 120 and a 
primary circuit of a heat exchanger 121. In the heat 
exchanger, the water in water line 115 is heated from about 
25°C to about 131°C in heat exchanger 121, at a flow of about 
12 0 ml/min. The temperature of the heated water is monitored 
by temperature sensor 122 . Finally, water line 115 comprises a 
second heater 123, for heating the water to a still higher 
temperature, such as about 145°C. The hot water is delivered to 
a mixing point 124. 

[0114] In concentrate line 116, there is a valve 125 for 
connecting the normally closed concentrate line 116 to water 
line 115. Further downstream, concentrate line 116 comprises 
three concentrate valves, 12 6, 12 7 and 12 8, and a reversible 
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second pump 129. The second pump 129 is arranged to withdraw 
concentrate solutions or fluids from any one of concentrate 
bags, 105, 106 or 107, depending on the positions of the 
valves, 126, 127 and 128. The second pump 129 further 
increases the pressure of the fluid in concentrate line 116 to 
a pressure of about 2 to 6 Bar absolute pressure. 
[0115] Downstream of second pump 12 9 is arranged a valve 
13 0, and, the concentrate fluid is delivered therefrom to a 
second primary circuit of heat exchanger 121 in order to 
preheat the concentrate solution from e.g. room temperature to 
about 131°C. From heat exchanger 121, the concentrate solution 
is delivered to mixing point 124. 

[0116] Upstream of the second pump 129 is disposed a 
temperature sensor 131 for measuring the temperature of the 
incoming concentrate fluid, and downstream of the second pump 
is disposed a pressure sensor 132 for measuring that 
sufficient pressure has been obtained. As indicated above, 
these sensors may be duplicated for supervisory purposes. 
[0117] In mixing point 124, the two fluid lines 115 and 116 

are joined so that the heated water in line 115 is mixed with 
preheated concentrate in line 116, and the mixture is 
transported in mixed fluid line 133. Mixed fluid line 133 
comprises a residence device 134, normally being a length of 
tube of a length to produce a predetermined residence time at 
a predetermined rate of flow to effect sterilization of the 
fluid in the residence device 134. The residence device 134 is 
preceded by a temperature sensor 135 and followed by a 
temperature sensor 136. These temperature sensors control the 
heater 123 to ensure that sterilizing conditions are obtained 
in the residence device 134, such as a minimum temperature of 
141°C for 12 seconds. 

[0118] From the residence device 134, the sterilized and 
mixed fluid is passed to the secondary circuit of heat 
exchanger 121, at a temperature of approximately 141°C. The 
sterilized fluid is rapidly cooled to about 37°C. 
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[0119] Downstream of the heat exchanger, mixed fluid line 
133 comprises sterilized fluid at a temperature suitable to be 
delivered to a patient or a storage bag. The temperature is 
monitored by a temperature sensor 13 7. Finally, a valve 13 8, 
when activated, directs the fluid to an outlet connector 139, 
by means of a restrictor device 140, for lowering the pressure 
to atmospheric pressure. 

[0120] The restrictor device may be a small hole in a piece 
of metal, the hole being dimensioned to reduce the pressure 
from 6 Bar to 1 Bar at the desired flow rate of, for example, 
14 0 ml/min. An alternative design would be to use a 
controllable throttle valve, which is controlled by the 
processor dependent upon pressure sensor readings. A third 
alternative would be to use a throttle device or the pressure 
relief type, which adjust the differential pressure over the 
throttle device to a predetermined pressure drop, for example, 
of about 5 Bar. A fourth alternative would be to use a 
throttle device controlled to deliver fluid at an output 
pressure of no more than a predetermined safe pressure of, for 
example, 1.25 Bar, in which case the pumps are operated to 
ensure that the pressure before the throttle device is 
sufficiently high, for example about 6 Bar. 

[0121] It is noted that the on-line autoclave as described 
is always operated at a predetermined minimal flow rate of not 
less than a predetermined flow rate, for example 120 ml/min, 
in order to ensure that the autoclave is maintained sterile. 
As soon as the flow rate drops below the predetermined minimum 
flow rate, the sterility conditions may be hampered or the 
autoclave may not be controlled to operate at proper 
temperatures. The autoclave may be designed to operate 
different flow rates above the minimum flow rate. In order to 
always maintain a minimal flow rate, any excess fluid produced 
is sacrificed to the waste. 

[0122] If the mixed and sterilized fluid cannot be 
delivered out by means of the output connector 13 9, a valve 
141 is activated to deliver the fluid to a sump or waste 
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through a waste line 142. Waste line 142 further comprises a 
primary circuit of a second heat exchanger 143, a pressure 
sensor 144, a restrictor device 145 and a valve 146 until the 
fluid is delivered to the waste 147. A temperature sensor 148 
arranged upstream of heat exchanger 143, and another 
temperature sensor 149 arranged downstream of valve 146, are 
used to measure the temperatures of the waste fluid. 
[0123] The device according to Fig. 5 may be operated in 
different modes. One mode of operation will be described 
below, namely sequential delivery of the components of the 
final fluid. It is, however, understood that the device may 
operate as described in connection with Fig. 2 as well. 
[0124] In the sequential operation mode, water is first 
delivered in inlet line 10 9 at a constant rate of 12 0 ml/min 
from inlet connector 101, by means of flow meter 114, in which 
the flow rate is monitored, and through water line 115 and 
first pump 117 to raise the pressure so that the boiling 
temperature of the fluid is above the temperature anywhere in 
the circuit. If the maximum temperature is about 150°C, the 
pressure should be above 4.8 Bar or preferably about 6 Bar 
absolute pressure. The exact pressure is dependent on the 
adjustment and operation of restriction device 140. The water 
further passes the mixing point 124 and enters the mixed fluid 
line 133 and reaches valve 138, which directs the flow to 
waste line 142, by means of valve 141, and further to the 
sump. The outlet connector 13 9 is connected to a recipient, 
normally a bag, such as a heater bag described below. 
[0125] When all conditions are checked, and the device 
delivers sterilized water, valve 138 is switched to direct the 
sterilized water to the outlet connector 13 9 by means of 
restrictor 140. 

[0126] Substantially at the same time, or shortly 
thereafter, valve 127 in concentrate line 116 is opened and 
concentrate pump 129 is activated, with valve 13 0 in an open 
condition, to pump concentrate fluid from electrolyte bag 106, 
by means of heat exchanger 121 to mixing point 124. The 
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concentrate pump 13 0 is operated to provide a flow rate of 
approximately 2 0 ml/min. At the same time, the weight of the 
concentrate assembly is monitored by weighing device 108. If 
the intention is to provide 1 liter of final solution and the 
concentrate fluid in bag 106 has a concentration of 1:40, the 
flow is continued for about 1 minute and 15 seconds, until the 
weighing device indicates that a volume of 25 ml has left the 
bag 106 , whereby 25 ml is the amount required from concentrate 
bag in 1 liter of final fluid (1:40) . 

[0127] Then, valve 127 is switched off and valve 125 is 
opened for a short time, such as 15 seconds, to rinse the 
concentrate line 116. 

[0128] For including the second concentrate, which may be 
glucose, bag 107 is connected to the concentrate pump by 
closing valve 125 and opening valve 128. If the glucose 
concentrate fluid has a concentration of 50%, the concentrate 
pump is driven 1 minute per percent concentration to be 
required in the final fluid at 20 ml/min. If 4% is required, 
which is the maximum contemplated for a PD fluid, the glucose 
concentrate is dosed in 4 minutes. 

[0129] After this step, the concentrate line 116 is again 
rinsed with water, for example for 15 seconds. 

[0130] Thereafter, the bicarbonate bag 105 is connected. 
The bicarbonate is normally stored at a concentration of about 
1000 mmol/1. First, valve 125 is closed and valve 126 is 
opened so that concentrate pump 13 0 pumps bicarbonate fluid 
out of bag 105. The flow rate may be the same, 20 ml/min, and 
the mixing and sterilization of bicarbonate fluid is 
discontinued when the weighing device determines that the 
required quantity has been removed from bag 105. If the final 
solution should contain 15 mmol/1, the concentrate pump is 
operated for 45 seconds to take 15 ml of concentrated 
bicarbonate solution out of bag 105. 

[0131] Finally, the concentrate line is rinsed once again 
and water is delivered to the outlet connector, until the 
final volume of fluid has been delivered to the bag connected 
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at the outlet connector, which is determined by flow meter 114 
in combination with the weight losses measured by weighing 
device 108 and calculated into volumes by computer 111, taking 
into account the different densities of the concentrate 
fluids . 

[0132] This final filling of water also means that the mix 
of fluid in the bag connected to the outlet connector is 
agitated and mixed thoroughly. 

[0133] During the complete sterilization process described 
above, valves 13 8 and 141 are maintained in the same position 
directing all fluid to the outlet connector 139. Thus, all 
fluid produced is delivered to the receiver, thereby 
minimising the time required for preparation of the complete 
fluid. 

[0134] In the example above, 1 liter of final solution has 
been prepared, but in PD it is more normal that 2 liters are 
generated each time, or any other volume as required by the 
user. 

[0135] It is contemplated that the concentrate fluid bags 
may include concentrate fluid required for a final fluid 
volume of about 12 to 25 liters or more, if required. Then, 
the above sequence is repeated for each batch of 2 liters to 
prepare . 

[0136] In certain applications for PD, bicarbonate is not 
used, but lactate is used as the sole buffer. In that case, 
the third bag in the concentrate assembly is unnecessary, and 
only two bags may be used. In that case, valve 12 6 is always 
closed. 

[0137] To prepare one batch of 1 liter (1.5% glucose 
concentration) , takes about 7 minutes and 45 seconds, 
supposing that the RO unit delivers pure water at 120 ml/min 
and 25 ml electrolytes, 15 ml bicarbonate and 3 0 ml glucose 
are used. Thus, the waiting time between each PD exchange of 
about 2 liters has to be more than 15.5 minutes. This might be 
limiting in some circumstances as appears from an explanation 
of the drain and fill phases of a PD treatment below. 
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[0138] In Fig. 6 is schematically shown a PD cycler 200 
intended to be used in the present invention. The PD cycler 
comprises a pressure chamber 201 enclosing a heater bag 202 
and a waste bag 203. The heater bag 202 is connected to the 
outlet connector 139 of fluid sterilization device 100 of Fig. 
5 for receiving a fresh sterilized fluid for introduction into 
heater bag 202. Heater bag 202 is connected with connector 139 
by means of a first tube 2 04 ending with a connector 205 
mating with connector 139 and comprising a valve 206. A second 
tube 207 connects heater bag 202 with a connector 20 8 to a 
patient (not shown) and the second tube 207 is controlled by a 
second valve 209. A third tube 210 connects the patient 
connector 2 08 to the drain bag 2 03 by means of a third valve 
211. Finally, a fourth tube 212 connects drain bag 2 03 with a 
waste line 213 by means of a valve 214. Heater bag 202 and 
drain bag 203 rest on scales 215 which monitor the combined 
weight of the two bags . 

[013 9] The operation of the PD cycler as schematically 
disclosed in Fig. 6, appears from the diagram of Fig. 7. The 
diagram indicates the fluid volumes of the heater bag and 
drain bag during the different phases. 

[0140] After priming, which is more fully described below, 
the first phase of the treatment is a drain phase, at the 
start of which the heater bag is full of fluid, normally 
about2.4 liters, and the drain bag is empty. The patient is 
connected and the third valve 211 is opened and a subpressure 
is exerted in pressure chamber 201. Fluid is withdrawn from 
the patient into drain bag 203 at a flow rate depending on the 
patient and the subpressure, normally from about 15 0 to 3 00 
ml/min. When the peritoneal cavity of the patient is almost 
empty, which may be indicated by a decrease of the drain flow 
as measured by the scales 215, the drain phase is terminated. 
The drain phase is normally from about 7 to 10 minutes. 
[0141] The second phase is a fill phase, in which the 
peritoneal cavity of the patient is filled with fresh fluid 
contained in heater bag 202. An overpressure is exerted in 



-34- 



pressure chamber 201 and valve 209 is opened, while the other 
valves are closed. The fill flow rate depends on the patient 
and the overpressure and may be about 150 ml/min. The fill 
phase is normally from about 10 to 15 minutes. 

[0142] The third phase is the empty drain bag phase, in 
which an overpressure is exerted in the pressure chamber 201 
and valve 214 is open. The fluid in the drain bag is directed 
to a waste line 213. The volumes are always monitored by the 
scales 215. The third phase may be about 2 minutes, since a 
high overpressure may be used and the flow restriction is 
minimal . 

[0143] The fourth phase is heater bag fill with valve 206 
open. In this case, normally a subpressure is exerted in the 
pressure chamber 201. Fluid is received from the sterilizing 
device 100 connected to connector 205 at a flow rate of about 
120 ml/min. The fourth phase is normally from about 15 to 17 
minutes . 

[0144] Thus, a complete cycle is from about 34 to 44 
minutes. During a night treatment of 8 hours, it is possible 
to exchange from about 22 to 281iters , in batches of 21iters. 
[0145] If it is desired to increase the fluid volume 

further, the times in the different phases have to be 
shortened. It is noted that the heater bag fill time of from 
bout 15 to 17 minutes could be shortened by increasing the 
flow rate of fluid from sterilizer 100. However, increasing 
the flow rate means considerable cost increases. 
[0146] Instead it is noted that the flow rate of the fluid 
delivered from sterilizer 100 is monitored by the sterilizer 
by flow meter 114 and weighing device 108. Thus, it is 
possible to fill the heater bag during (part of) the drain 
cycle as indicated by the broken line 216 in Fig. 7. This is 
done by opening valve 211 during the heater bag fill phase, 
before the heater bag fill phase is terminated, such as 10 
minutes in advance. If the drain phase is terminated before 
the heater bag is filled, the drain phase has to be continued 
until the heater bag filling is completed. However, it is no 
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drawback to continue the drain phase longer, since that only 
results in some further fluid being drained, which normally is 
an advantage. Since the flow from the sterilizer is known, the 
PD cycler still has full control of the flow by using the 
reading from the scales and subtracting the inflow from the 
sterilizer. In this way, almost the complete drain phase can 
be saved in the cycle time, i.e. up to about 10 minutes. 
[0147] Another way of saving time is to fill the heater bag 
during the empty drain bag phase. It is recognised that the 
pressure chamber needs to have an overpressure to empty the 
drain bag. However, the sterilizing device is able to deliver 
sterilized fluid under a slight overpressure. Thus, if valve 
214 is open to pass fluid to the waste and valve 206 is open 
to allow fluid to enter the heater bag, and if there is an 
overpressure inside the pressure chamber, the heater bag may 
be filled during the empty drain phase. Moreover, the pressure 
does not need to be reversed during the rest of the heater bag 
fill cycle, which normally is considerably longer than the 
empty drain bag phase. In this operation mode, it is still 
possible to keep accurate control over the ultrafiltration, 
since the volume of fluid drained from the patient and the 
volume of fluid filled into the patient are under full control 
of the mass balance device 215. 

[0148] If the cycle time needs to be further shortened, 
that is possible by the addition of a storage bag in the line 
set as indicated in Fig. 8. It is noted that the sterilizer 
has to direct the sterilized fluid to the waste 147 during the 
second phase filling the patient, when valve 2 06 is closed, as 
well under the third phase emptying the drain bag. 
[0149] In Fig. 8, the same components as in Fig. 6 have 

received the same reference numeral starting with 3 instead of 
2. The inlet tube 304 is provided with a branch line 316 
ending in a storage bag 317. When valve 306 is closed during 
the first, second and third phase, the sterilizer 100 delivers 
PD solution into storage bag 317 through tube 316. The heater 
bag 3 02 may then be filled much faster from the storage bag 
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317 compared to the embodiment of Fig. 6. Thus, the heater bag 
fill phase may be reduced to about 2 minutes or less. The 
efficiency of the complete device becomes dependent only on 
the cycler and its capacity to drain and fill the patient. The 
surplus time is merely 4 minutes, 2 minutes for emptying of 
the drain bag and 2 minutes for filling the heater bag. The 
procedure has to be controlled if the sterilizer is operated 
in the sequential mode as described in connection with Fig. 5, 
since the filling of heater bag has to start only when the 
concentrations are correct in storage bag 317, i.e. after the 
completion of a complete fill cycle from the sterilizer. 
[0150] The storage bag may also be used as an entry point 
for addition of medicaments or other additions, like insulin, 
antibiotic drugs, potassium chloride etc. 

[0151] It is recognised that the PD solution produced 
according to the sterilizer in Fig. 5 will produce sterile 
bicarbonate fluid and enter it in the storage bag 317, and 
then produce sterile glucose solution and subsequently enter 
that in the storage bag 317. Since the glucose fluid has a low 
pH, some of the bicarbonate will react and form carbon 
dioxide, which may be released as a gas. Thus, storage bag 317 
is provided with a valve and tube arrangement 318 to indicate 
when there is surplus gas in the storage bag 317 and expel it 
to the atmosphere. Another means for doing the same thing 
would be to include a sterile filter or hydrophobic filter at 
the top of storage bag 317. The gas may be expelled in a time 
interval when outlet valves 13 8 and 14 0 are opened (the 
position shown in Fig. 5) and pressure chamber 301 has an 
overpressure and valve 3 06 is open to exert an overpressure 
into storage bag 317 and expel gas therein. 

[0152] In the above example indicated in connection with 
Fig. 5, the bicarbonate concentrate was sterilized at a 
concentration of about 140 mmol/ liter (1000x20/140) . However, 
there is a risk that carbon dioxide is formed during heat 
sterilization at such a concentration, and thus, the 
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concentrate pump may be operated at a lower speed during 
sterilization of bicarbonate fluid. 

[0153] In Fig. 5, the concentrate fluid is preheated to 
quite a high temperature. This is performed in an efficient 
heat exchanger 121 in which the heating fluid is the final 
sterilized fluid in the secondary circuit of the heat 
exchanger. Thus, the heat exchanger cannot have any point with 
higher temperature than the sterilizing temperature, and 
decomposition of the heat sensitive component is minimised. 
The further heating to the final sterilization temperature, 
i.e. from about 131°C to about 141°C, takes place by the method 
of mixing with a fluid having a slightly higher temperature. 
Thus, the heat sensitive fluid component is never exposed to 
harsh conditions, such as hot points having excessively high 
temperatures, as may appear in an electric heater 123. Thus, 
favorable conditions for less formation of degradation 
products are obtained. The temperature difference between the 
primary and secondary circuits of the heat exchanger is about 
10°C, which is possible to obtain without excessive long 
residence times in the heat exchanger. 

[0154] In Fig. 5, there is a circuit not previously 
described for sterilizing the equipment before use. In water 
line 115, a parallel circuit to valve 120 and heat exchanger 
121 is arranged comprising valve 150 and the primary circuit 
of heat exchanger 143. When heat disinfection of the complete 
sterilizer 10 0 is to be performed before a treatment, valve 
120 is closed, valve 150 is opened and heater 123 is operated. 
The water passes from pump 117 by means of valve 150 to heat 
exchanger 143 and further to heater 12 3 to be heated to a 
temperature of, for example, 141°C. The hot water passes heat 
exchanger 121 but is not cooled appreciably since the primary 
circuit of exchanger 121 is disconnected and has no flow. The 
hot water after heat exchanger 121 passes through line 133 and 
by means of valves 13 8 and 141 to heat exchanger 14 3 to give 
off its heat to the water passing at the primary side thereof. 
Finally, the water is discharged to the waste by means of 
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restrictor device 145, which lowers the pressure from about 2 
to 6 Bar to atmospheric pressure. 

[0155] Thus, the on-line autoclave is self -sterilized and 
is ready for producing PD fluids. The self -sterilizing step 
may be performed in about 3 0 minutes and is initiated under 
program control to take place shortly before the start of a PD 
treatment, which is scheduled in advance by a patient. When 
the self -sterilization process is ready, the machine awaits 
the arrival of the patient, which connects a disposable set, 
such as set 200 or 300, to the outlet connector 139. Then, the 
device produces a quantity of sterile treatment fluid into the 
heater bag. However, before the patient is connected to 
connector 208, the tubes should be filled with fluid to 
displace the air therein. This is performed by attaching the 
connector 208 to a hook or attachment device on the cycler at 
approximately the same level as the heater bag. Then, valve 
209 is opened to allow fluid to flow through tube 207 to 
patient connector 208. The connector 208 is then ready for 
connection to the patient. 

[0156] It is appreciated that the priming procedure 
described above takes about 20 minutes, since the heater bag 
must be filled with 2 liters of solution. If this time is too 
long for the patient to wait , it is possible to perform a 
partial fill of the heater bag with, for example, 5 dl 
solution produced in 4 minutes, and use this volume of fluid 
to prime the tubes and displace the air. Then, the patient may 
already connect himself to the connector 2 08 after 4 minutes 
of priming and then go to bed, while the machine produces the 
first fill volume. It is noted that there is normally about 2 
to 4 dl of solution left in the heater bag, in order to 
prevent complete emptying of the heater bag, because there is 
often some air or gas in the top of the heater bag, which 
should not be delivered to the patient. The first priming 
solution may be different from the treatment solution, for 
example comprising physiological sodium chloride. 
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[0157] Although the invention herein has been described 
with reference to particular embodiments, it is to be 
understood that these embodiments are merely illustrative of 
the principles and applications of the present invention. It 
is therefore to be understood that numerous modifications may 
be made to the illustrative embodiments and that other 
arrangements may be devised without departing from the spirit 
and scope of the present invention as defined by the appended 
claims . 
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5 TITLE 

Method and apparatus for sterilising a heat sensitive 

fluid 



10 FIELD OF INVENTION 

The present invention relates to a method and device for 
producing a sterile medical solution. More specifically, the 
invention relates to a method and device for producing a ster- 
m ii e medical solution comprising a heat sensitive component, 
yjjL5 such as glucose. 

Medical solutions intended for mammals, specifically for 
use in humans, are required to be sterile before being infused 
yJ or applied to the mammal. 

I" ° ne available method for sterilising a solution is to heat 

O20 the solution to a sterilising temperature and to hold the 
J solution at the sterilising temperature during a sterilising 
m time. To obtain a sterile medical solution intended for infu- 
y sion, the solution- is normally heated in an autoclave to 121°C 
for 20 minutes to thereby produce said sterile medical solu- 
25 tion. After the sterilising time has elapsed, the solution 

should be cooled to a physiologically acceptable temperature 
before infusion. 

Known methods and apparatus for sterilising a solution are 
disclosed in for example GB 1450030, GB 1504334, GB 2034584 and 
30 US 5603894. These prior art publications describe the prepara- 
tion of a medical solution starting from tap water and produc- 
ing pure water via a reverse osmosis device, mixing a concen- 
trate with the pure water to produce a non-sterile medical 
solution, passing the non-sterile medical solution through an 
35 on-line autoclave and delivering the sterile medical solution 
to a recipient, such as a storage bag or a patient. 

In the prior art, the complete medical solution is first 
prepared in a non-sterile condition and then passes through an 
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autoclave- If the medical solution comprises heat sensitive 
components, these must not be exposed to too high a tempera- 
ture. Normally , the temperature is increased up to the steril- 
ising temperature and the medical solution is maintained at the 
sterilising temperature for a sterilising time. If the tempera- 
ture is 121°C, which is normal in an autoclave, the sterilising 
time is 20 minutes to obtain a sterilising dose F 0 of 20 min- 
utes, see below for further details. Since the sterilising 
effect is approximately exponential, an increase of the tem- 
perature by 10°C means a lowering of the sterilising time by 
ten times. If a sterilising temperature of 131°C is used, the 
sterilising time should be 2 minutes, and if a sterilising 
temperature of 141°C is used, the sterilising time should be 12 
seconds, in order to obtain a sterilising effect F 0 of 20 
minutes . 

If the medical solution comprises a heat sensitive compo- 
nent, like glucose, that component will deteriorate during the 
heat treatment. An example of a medical solution containing a 
heat sensitive component is dialysis fluid for peritoneal 
dialysis (PD) . The decomposition or heat deterioration starts 
at a much lower temperature than the sterilising temperature 
and is present also at room temperature. In order to safeguard 
the heat sensitive material, very short heating and cooling 
periods are desired so that the time /temperature profile be- 
comes more or less rectangular. This is of greater importance 
if high sterilising temperatures and short sterilisation times 
are used. 

It is known to produce sterile medical solutions by in- 
cluding the medical solution in a bag and placing the bag 
inclusive of the medical solution in an autoclave for heating 
and sterilisation . 

A variant of this method is described in WO 93/09820, in 
which the medical solution is divided in two portions, one 
comprising glucose at high concentration and the other compris- 
ing the rest of the solution. The double bag is heat sterilised 
in an autoclave. Shortly before use, the contents of the two 
chambers are mixed to produce the sterile medical solution. In 
this way, the heat sensitive component, glucose, can be auto- 
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claved under more appropriate conditions such as at a low pH of 
approximately pH=3.2 and at a high concentration of approxi- 
mately 50%, i.e. 500 g glucose per litre glucose solution. 

A variant of the same methods is described in WO 97/058 52 
disclosing a three-chamber-bag, in which two of the chambers 
comprise glucose solution and the third chamber comprise the 
rest of the solution. The glucose chambers may also include 
ionic components like calcium, magnesium and sodium. 

A further variant is described in PCT patent application 
PCT/SE98/02146. 

In the afore mentioned concepts, the glucose portion is 
sterilised separately from the remaining portion of the solu- 
tion. However, in order to fully sterilise the large compart- 
ment, the small glucose compartment may be over sterilised 
resulting in deterioration of the heat sensitive component. A 
remedy for that problem is described in Swedish patent applica- 
tion SE 9803627-0, filed at the Swedish Patent Office October 
23, 1998. 

The problem of deterioration of a substance during auto- 
claving is also recognised in other fields of use, such as the 
production of sterile milk products. In order to obtain a fast 
heating and cooling of the product, it is not sufficient to use 
heat transfer via a heat transferring surface, like a heat 
exchanger. Instead, the product is mixed with steam at a prede- 
termined temperature and pressure to condense the steam in the 
milk product. The milk product is sterilised by retention in a 
holding zone for a certain time period and at a temperature of 
120 - 150°C, and is then transferred to a flash cooling step, 
in which water is evaporated in an evaporation chamber to 
rapidly cool the product. Such a process is described in, for 
example, WO 98/07328. 

DISCLOSURE OF INVENTION 

A first object of the present invention is to provide a 
method and device for producing a sterile medical solution 
having a gentle treatment of the heat sensitive component. 
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Another object of the present invention is to provide a 
method and device in which inexpensive heaters and heat ex- 
changers can be used. 

A third object of the present invention is to provide a 
method and device for sterilising a medical solution in which 
the time/temperature profile for heating the heat sensitive 
component is essentially rectangular. 

Thus, there is provided, according to the invention, a 
method of sterilising a heat sensitive fluid, comprising 

providing the fluid as a first heat sensitive component 
and a second less heat sensitive component; 

heating the second component to a first temperature higher 
than a predetermined sterilising temperature; 

mixing the first component with the second component to 
thereby heat the first component and cool the second component, 
whereby the mixed components obtain a mixing temperature, which 
is at least equal to said sterilising temperature; 

maintaining said mixed components at substantially said 
sterilising temperature during a sterilisation time so that a 
predetermined sterilisation dose is obtained; and 

delivering said mixed component to a recipient. 
Preferably, the first temperature is controlled to obtain 
a mixing temperature, which is at least equal to said sterilis- 
ing temperature. Moreover, it is preferred to cool the mixed 
components before delivery to said recipient. 

The first heat sensitive component may comprise glucose or 
a glucose polymer and the second less heat sensitive component 
may comprise water. More specifically the second component may 
include electrolytes, selected from the group of substances 
comprising: sodium chloride, calcium chloride, magnesium chlo- 
ride, potassium chloride, sodium bicarbonate and sodium lac- 
tate . 

It may be advantageous to preheat the first component. 
Normally, the temperature is above the boiling temperature at 
normal atmospheric pressure and, thus, the first and second 
components are maintained at a high pressure sufficient to 
prevent boiling. 
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In an embodiment, the first and second components are 
provided as flows of fluid, whereby the flow rate of the second 
component may be larger than the flow rate of the first compo- 
nent . 

In order to separate the flow rate determination from the 
pressurising means, the flow rates are determined with a pair 
of scales or a flow meter and the pressure is provided by a 
separate pump. 

In one embodiment of the invention, the complex fluid is 
divided in several fluid components, which are sterilised 
separately, as described above, and sequentially and then mixed 
to the complex fluid. This may be performed by providing 
sources of concentrated fluid components and pure water; pump- 
ing a first concentrated fluid from said sources of concen- 
trated fluids, to increase the pressure thereof; pumping pure 
water to increase the pressure thereof and heating said pure 
water to said first temperature; mixing said first concentrate 
and heated pure water and maintaining the mixed fluids at a 
sterilising temperature for a sterilising time to effect ster- 
ilisation; delivering said sterilised and diluted concentrate 
y[ flui d to a recipient; repeating the above method steps for each 
In of the concentrated fluid components, to provide the final 
y complex fluid in the recipient. The concentrated fluid may be 

preheated before being mixed with the heated water, for example 
25 by a heat exchanger by heat recovery from the sterilised fluid, 
which is cooled thereby. 

The second fluid may be preheated by heat recovery in a 
heat exchanger from the sterilised fluid, which is thereby 
cooled, and further heated to said first . temperature by a 
30 separate heating device, such as an electric heater. The heat- 
ing device may be controlled by a temperature sensor positioned 
downstream of the maintaining step, to ensure that sterilising 
temperature is obtained. 

35 BRIEF DESCRIPTION OF THE DRAWINGS 

Further objects, advantages and features of the invention 
will appear from the following detailed description of several 
embodiments shown on the drawings. 
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Fig, 1 is a schematic view of a first embodiment of a 
device for sterilising a heat sensitive fluid according to the 
invention. 

Fig. 2 is a schematic view similar to Fig* 1 of a second 
embodiment of a device according to the invention. 

Fig. 3 is a schematic view similar to Fig. 2 of a portion 
of a third embodiment of a device according to the invention. 

Fig. 4 is a cross-sectional view of a heat sterilisable 
connector used in the device according to Fig. 2. 

Fig. 5 is a schematic view similar to Fig. 1 of a third 
embodiment of the device according to the invention. 

Fig. 6 is a schematic view of a first embodiment of a 
cycler which may be connected to the device according to Fig. 2 
or 4 . 

Fig. 7 is a time diagram of the fluid flows in the cycler 
according to Fig. 6. 

Fig. 8 is a schematic view similar to Fig, 6 of a second 
embodiment of the cycler. 

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 

The fluid to be sterilised comprises a first non-heat- 
sensitive portion and a second heat sensitive portion. Accord- 
ing to the invention, the two portions are delivered separately 
to the sterilising device into two separate inlets 1 and 2. 

With reference to Fig. 1, the first non-heat-sensitive 
component, which may comprise sodium chloride dissolved in 
water, is enclosed in a vessel 3 connected to the inlet 1. The 
second heat sensitive component, which may comprise glucose, is 
enclosed in a vessel 4 connected to the inlet 2. The fluid 
components are preferably provided at a temperature at which 
each component is relatively stable, such as room temperature. 

The first fluid portion from vessel 3 provided to inlet 1 
is impelled by a first pump 5 to a heater 6, in which the first 
fluid portion is heated to a first high temperature. The second 
fluid portion is impelled by a second pump 7 and mixed with the 
first fluid portion in a mixing point 8 arranged downstream of 
the heater 6. During the mixing, the second fluid portion is 
rapidly heated to a sterilising temperature, while the first 
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fluid portion is cooled to the same sterilising temperature. 
The second fluid portion does not make direct contact with the 
heater surface and so damage is minimised. 

In order to promote rapid mixing, the fluids are impelled 
at such conditions that turbulent flow prevails at least after 
the mixing point 8. In addition, flow mixing means may be 
arranged in the flow path, such as at the mixing point 8 or in 
the flow path downstream of mixing point 8 . Such flow mixing 
means may be flanges or wings in the flow path. 

The mixed fluid portions pass through a sterilising tube 
section 9 dimensioned to provide a predetermined resident or 
sterilising time for the mixed fluids at the sterilising tem- 
perature. The tube section may be insulated as indicated by box 
10 to maintain the mixed fluids at the sterilising temperature 
for the sterilising time. After the sterilising time, the mixed 
fluids are sterile, since the second fluid portion has been 
subjected to the sterilising temperature during a sterilising 
time and the first fluid portion has been exposed to a still 
higher temperature and still longer time, thus being overster- 
ilised. 

The sterilising dose is a function of temperature and time 
and is defined according to the formula: 



F 0 = 



t 

(T-121) /10 
10 dt 



0 



in which 



Fo = the sterilisation dose in minutes 
T = temperature 
t - time 



If the sterilising temperature is 121 °C and the time is 20 
minutes, a sterilisation dose of 20 minutes is obtained. If the 
sterilising temperature is 141°C and the time is 12 seconds, a 
sterilisation dose F 0 of 20 minutes is also obtained. A steril- 
ising dose F 0 of 20 minutes is considered sufficient, however, 
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in certain applications, a sterilising dose F 0 of 10 minutes or 
even lower may be sufficient. 

In the above example, the first fluid portion may comprise 
sodium chloride at a concentration of 150 mM, sodium lactate at 
a concentration of 38,8 mM, magnesium chloride at a concentra- 
tion of 0,56 mM and calcium chloride at a concentration of 1,89 
mM. The second fluid portion may comprise glucose at a concen- 
tration of 40%, i.e. 400 g glucose per litre solution. The 
first fluid portion flow rate is 45 ml/min and the second fluid 
portion flow rate is 5 ml/min. The resulting mixture has the 
following composition: sodium chloride 135 mM, sodium lactate 
35 mM, magnesium chloride 0,5 mM, calcium chloride 1,7 mM and 
glucose 4%. The first fluid portion is heated from 20°C to 
155°C by the heater 6. The second fluid portion is heated from 
20°C to 141°C during mixing, while the first fluid portion is 
cooled from 155°C to 141°C. The resident or sterilising time is 
12 seconds resulting in a sterilising dose F 0 of 20 minutes. 
The resulting sterilised fluid mixture is cooled by a cooler 13 
and delivered to an outlet 11 and collected in a vessel 12. A 
pump 20 or other device may be arranged to control the flow to 
the vessel 12. The sterile fluid may be used as a peritoneal 
dialysis solution to be delivered to the peritoneal cavity of a 
patient . 

Other medical fluids may be produced by the device accord- 
ing to the invention, such as hemodialysis solutions, infusion 
solutions used in hemodiaf iltration or hemof iltration, replace- 
ment fluids for infusion in the blood, wound irrigation solu- 
tions, rinsing solutions etc. Moreover, nutrition solutions 
often comprises amino acids, which are heat sensitive, and 
glucose, which is heat sensitive, and cannot be sterilised 
together with amino acids. Certain drugs, such as insulin, may 
be produced or included in a fluid administered to a patient, 
and the drug component may be heat sensitive. Certain medical 
fluids comprise peptides, proteins or fragments thereof, which 
35 normally are heat sensitive. Preservation fluids for blood 

component handling may also comprise heat sensitive components, 
at least glucose. In certain cases, glucose is replaced with or 
complemented with glucose polymers, di-sacharides, tri- 
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sacharides etc. Certain carboxylic acids are heat sensitive and 
may be included in such fluids. Solutions comprising calcium or 
magnesium ions and carbonate or bicarbonate ions may precipi- 
tate at exposure to a sterilising temperature, and need to be 
5 sterilised with the carbonate or bicarbonate separate from the 
calcium or magnesium containing solution. 

In order to control the above procedure, one or several 
temperature sensors are provided. A first temperature sensor 14 
may be arranged immediately downstream of the heater 6 to 
10 determine the temperature of the first fluid portion after 

•heating. A second temperature sensor 15 may be arranged between 
the second inlet 2 and the mixing point 8 to determine the 
temperature of the second fluid before mixing. A third tempera- 
yQ ture sensor 16 may be arranged downstream of the mixing point 
ife to determine the mixing temperature. A fourth temperature 
ij sensor may be arranged downstream of the sterilising section 9 
^ to determine the sterilising temperature. A fifth temperature 
S sensor 18 may be arranged downstream of cooler 13 to determine 
a_ the temperature of the fluid delivered to vessel 12. Not all of 
5?0 these five temperature sensors are needed so one or several 
IN- thereof may be excluded. 

!:j A control processor 19 may be arranged to control the 

ry sterilising device according to the invention. As shown in Fig. 

1, the five temperature sensors are connected to the processor 
25 as well as the pumps 5, 7 and 20 to provide measurements of the 
temperatures and flow rates. The pumps 5, 7 and 20 may be 
volumetric pumps also acting as flow meters. Alternatively, 
separate flow meters may be provided. The processor controls 
the heater 6 to provide the required temperature downstream of 
30 the heater, as measured by temperature sensor 14, to provide 
the sterilising temperature after mixing as measured by tem- 
perature sensors 16 and 17. The processor calculates the resi- 
dence time in the sterilising section 9 based on the flow rates 
of pumps 5 and 7 and the -known volume of the sterilising sec- 
35 tion 9/ Finally, the processor may determine the obtained 
sterilising dose Fo . 
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The control processor 19 may obtain all necessary informa- 
tion in order to calculate the sterilising effect from the flow 
rates of pumps 5 and 7 and the temperature of sensor 17. 

As also shown in Fig. 1, the fluids provided to inlets 1 
5 and 2 may be preheated by preheaters 21 and/or 22. 

Since the sterilising apparatus shown in Fig. 1 is in- 
tended to heat the fluids to temperatures well above 100°C, it 
is required to keep the fluids from boiling. This may be done 
by enclosing the entire apparatus in an enclosure 23, as shown 
10 by broken lines in Fig. 1, and raising the pressure inside the 
enclosure to a pressure sufficient to prevent boiling, such as 
3-6 Bar absolute pressure. 

xt is known that glucose decomposes when exposed to heat, 
2 and is thus a heat sensitive component of the fluid. Glucose 
jfl.5 also decomposes during storage. It is known that several fac- 
Zj tors influence the decomposition of glucose, among which are 
N pH, temperature, time, glucose concentration and mixing with 
gj certain ionic components. Glucose decomposes into components,, 
s_ some of which may be more or less toxic or are able to induce 
^0 toxic reactions by including precursors for such reactions. If 
U the resulting fluid is to be used as a medical fluid for infu- 
l! sion into a human being or other mammal, the toxic components 
or precursors should be minimised. 

In order to sterilise the fluid it is necessary to expose 
25 the fluid to sterilising conditions. There are several methods 
available, such as heat sterilisation (autoclaving) , filter 
sterilisation and other methods. The present invention is 
limited to heat sterilisation. 

During heat sterilisation, it is known that decomposition 
30 of glucose can be minimised if glucose is sterilised during a 
short time at a high temperature. The rationale is that the 
decomposition reaction is less sensitive to high temperature 
than the sterilising reaction. 

In order to minimise the decomposition before sterilisa- 
35 tion, it is advantageous to store the fluid at a low pH and at 
a high concentration, which is suggested according to the 
invention. The pH may be from 2,6 - 5,0 and preferably pH=3,2. 
The concentration may be above 15% or above 2 0% with 40% - 50% 
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being preferred, calculated as weight of glucose per litre 
solution. 

The sterilisation may take place during a short time and 
at a pH of below about 5,5 and at a final dilution concentra- 
5 tion. It is believed that the short time is of greater impor- 
tance than the other factors for avoiding decomposition into 
toxic components of glucose during the sterilisation process. 

It is also recognised that glucose may decompose into 
precursors for AGE, advanced glucosylation end products. When a 
10 glucose solution comprising precursors for AGE contacts pro- 
teins in the body, a non-enzymatic reaction takes place result- 
ing in AGE formation. The long term effect of AGE is still not 
well known. Gentle heat sterilisation of glucose as suggested 
™ in the present invention is expected to reduce the level of 
W glucose degradation products of the type of AGE precursors. 

An alternative embodiment of the invention is shown in 
% j Fig. 2. In this embodiment the sterilising device according to 
y the invention is integrated in a PD monitor arranged to provide 
I" a PD solution to a patient. The PD solution is prepared from 
2p two concentrates provided in two concentrate bags 51 and 52 and 
jr7 connected to concentrate input connectors 5 6 and 57, and a 
tjj supply of pure water, for example provided from a reverse 
pT; osmosis RO-unit 53 connected to a water input connector 58 for 

connection to a potable water supply. The sterilised PD fluid 
25 is delivered to a PD cycler 55, which is, in turn, connected to 
a PD fluid output connector 59 for delivery to the patient. 

Each of the three input connectors and the output connec- 
tor is arranged as a heat sterilisable connector device as 
shown in more details in Fig. 4. Such a heat sterilisable 
30 connector device 30 is described in WO 96/05883 and comprises a 
spike 31 opening into a bore 32 in a housing 33. The bore is 
arranged to receive a connector 35 connected to a vessel or 
bag, for example comprising the concentrate. The connector has 
a shape which is complementary to the bore, such as cylindri- 
35 cal, and may be inserted into the bore to seal the bore by 

means of an O-ring 37. The connector is further provided with a 
membrane 35a being pierceable by said spike 31. The connector 
35 is operable by a piston 39 to be pushed into the bore into a 
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first position sealing the bore 32. The piston is operable by a 
motor 38 operating a screw and nut arrangement 38a or any other 
suitable driving device like a pneumatically or hydraulically 
operated device. 

During operation , the connector 35 is inserted in the bore 
32 into co-operation with the O-ring 37. A rinsing, disinfect- 
ing and/or sterilising fluid is circulated through the spike 31 
into the bore 32 and out through a side opening 36 in the bore. 
The spike, bore and the membrane of the connector are thus 
rinsed, disinfected and/or sterilised. When the rinsing, disin- 
fecting and/or sterilising operation is finished, the piston 39 
pushes the connector 35 further into the bore 32 so that the 
spike 31 penetrates the membrane 35a to thereby establish a 
connection between the spike and the vessel connected to the 
connector 35. At the same time, the connector seals off the 
side opening 36 and an area around the spike 31. 

The connector device 30 may also be used without inserting 
a connector 35 by passing the piston 39 into the bore 32 into 
co-operation with the O-ring seal 37 to establish a flow path 
via spike 31 into side opening 36. 

Returning now to Fig. 2, each of the inputs 56, 57 and 58 
and the output 59 is arranged as a connector device 30 of Fig. 
4. Input 56 is arranged to connect a first concentrate bag 51 
to a first metering pump 60 and input 57 is arranged to connect 
a second concentrate bag 52 to a second metering pump 61. Input 
58 is connected to RO-unit 53 and a third pump 62 is arranged 
to pump pure water from RO-unit 53. 

Pumps 62 and 60 are driven to mix the concentrate from bag 
51 with pure water from RO-unit 53 to provide a desired concen- 
tration. A conductivity cell 63 may be arranged to measure the 
conductivity of the mixture and may control the pump 60 and/or 
62 to obtain the required conductivity and thus the desired 
concentration. Pump 62 is preferably driven to provide a con- 
stant flow of for example 54 ml/min and at the same time in- 
crease the pressure to 3 - 6 Bar absolute pressure to avoid 
boiling during sterilisation. The fluid provided so far is the 
first heat-insensitive fluid mentioned above. 
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The first fluid passes through a first heat exchanger 64 
comprising a primary circuit 64a for heating the first fluid, 
for example from 20°C to 100°C. Then, the first fluid passes 
through a heater 65 such as an electric heater powered by an 
electric power supply 66 to heat the first fluid to a tempera- 
ture of 155°C. 

The second, heat sensitive, fluid from bag 52 is pumped by 
pump 61, at a flow rate of 6 ml/min to a mixing point 67 imme- 
diately downstream of heater 65 to mix with the first fluid. 
The second fluid is thus rapidly heated from room temperature 
to a temperature of 141°C by being mixed with the hot first 
fluid, which at the same time cools down to 141°C. 

Then, the mixed fluids pass through a sterilising unit 68 
comprising a tube 68a of a length suitable for providing a 
residence time giving the required sterilising time, such as 12 
seconds. The tube is embedded in an insulating material 68b to 
minimise the temperature decrease during the residence time* 

Immediately downstream of the sterilising unit 68 is a 
temperature sensor 69, which controls the power supply 66 so 
that the temperature is the desired sterilising temperature, 
such as 141°C. 

Pump 61 is controlled to deliver the heat sensitive fluid 
in the amount desired. For example, if the heat sensitive fluid 
is glucose at a concentration of 40%, the flow rate should be 6 
ml/min to give a final concentration of 4% if the first flow 
rate is 54 ml/min. If a concentration of 1,5% is desired, the 
flow rate should be 2,1 ml/min and if a concentration of 2,5% 
should be obtained, the flow rate should be 3,6 ml/min. In each 
case, the temperature sensor adjusts the power supply to heat 
the first fluid to a suitable temperature so that the sterilis- 
ing temperature is obtained. 

After the sterilising unit 68, the now sterilised fluid 
enters the secondary circuit 64b of the heat exchanger 64 to 
rapidly decrease the temperature of the sterilised fluid, for 
example to 6Q°C. Then, the sterilised fluid passes a flow 
restrictor 70 to decrease the pressure to close to atmospheric 
pressure. Preferably, the flow restrictor 70 is controlled by a 
pressure sensor 71, so that the pressure before the restrictor 
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is the desired pressure to prevent boiling, such as 6 Bar 
absolute pressure . 

From the flow restrictor 70, the sterilised fluid is 
delivered to the output 59, which is connected to a PD cycler 
55. A pressure relief valve 72 is arranged to connect the 
sterilised fluid to a waste 7 3 if the pressure of the fluid 
exceeds a predetermined value, such as 150 mmHg above atmos- 
pheric pressure. 

The PD cycler may be of the type described in WO 95/20985, 
comprising a pressure chamber. A disposable line set is con- 
nected between the outlet connector and the patient and com- 
prises a heater bag and a drain bag, a drain line and a supply 
line. The heater bag and a drain bag are arranged on a weighing 
device, such as a pair of scales. Four valves in a valve unit 
are arranged to operate on the drain and supply lines. Finally, 
the line set comprises a PD connector for connection to a 
catheter into the peritoneal cavity of the patient. The PD 
fluid from outlet 59 is supplied to the heater bag via the 
valve unit until the scales indicate that the heater bag has 
been filled to a predetermined volume, such as 3 litres. Then 
the patient is drained by exposing the pressure chamber to a 
subpressure to withdraw fluid in the peritoneal cavity of the 
patient out via the open valve unit into the drain bag. The 
combined weight of heater bag and drain bag is weighed and the 
drain phase is terminated when it is determined that the drain 
flow rate is below a predetermined limit or a drain time has 
elapsed. The drain flow rate is determined by means of the 
weighing device. Then, the pressure chamber is exposed to an 
overpressure and the valve unit is opened to allow the fresh 
sterilised PD fluid to flow into the peritoneal cavity of the 
patient. The flow rate and the delivered fluid volume is moni- 
tored and the fill phase is terminated when a desired fill 
volume has been delivered. The temperature of the heater bag is 
controlled by a heating device and temperature sensor so that 
the fluid delivered has a temperature of about 37°C. Finally, 
the drain bag is emptied to the waste by opening the valve unit 
and exposing the pressure chamber to an overpressure. 
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When the patient has been exposed to a fluid exchange as 
described above, the PD fluid is left in the peritoneal cavity 
for a dwell time until the next exchange cycle. During the 
dwell, the sterilising device provides new sterile fluid to the 
heater bag* It takes about 33 minutes to produce a fill volume 
of 2 litres if sterile fluid is produced at 60 ' ml/min . 

It may be desirable to include a cooler 82 after the flow 
restrictor 70 to further decrease the temperature before deliv- 
ering the fluid to the heater bag. The cooler may be a Peltier 
cooler or a heat exchanger of conventional design, using cold 
water or a cooling medium as heat energy absorption medium. A 
cooler 91, such as a Peltier cooler, may alternatively or 
additionally be placed after residence device 68 and before 
heat exchanger 64, in order to rapidly cool the heat sensitive 
mixture to a safe temperature, such as from 141°C to 120°C. In 
this way, the heat sensitive component is heated rapidly from 
room temperature to sterilisation temperature of 141°C at 
mixing point 67, is maintained at the sterilising temperature 
during 12 seconds by residence device 68 and is then rapidly 
cooled to 120°C by Peltier cooler 91 and then further cooled to 
room temperature in the slightly slower heat exchanger 64 

The sterilising device needs to be disinfected at suitable 
intervals, for example once per day or once per week. For that 
purpose, the side openings of the connector devices 56, 57, 58 
and 59 are used. The side opening 83 of RO inlet 58 is con- 
nected to the side opening 82 of outlet 59 via a line 84. The 
side opening 8 5 of first inlet 56 is connected to the flow line 
86 between RO inlet 58 and the pump 62 via a line 87. The side 
opening 8 8 of second inlet 57 is connected to the line 8 9 
between heater 65 and sterilising unit 68 via a line 90. 

During disinfection, the sterilising device is filled with 
pure water obtained from the RO-unit. Then, connectors 57, 58 
and 59 are disconnected from the respective sources and the 
piston is arranged in the position in conjunction with the O- 
ring, in order to seal the bore 32 of the connector opening, 
see Fig. 4. 

Thus, the RO-inlet connector 58 and the outlet connector 
59 are connected via line 84 and side openings 82 and 83. The 
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second inlet connector 57 is in the same position so that a 
circulating path is obtained via pump 61, line segment 89, line 
90, side opening 88 and inlet 57, A disinfecting solution is 
provided in a vessel connected to the first inlet 56. The 
5 disinfecting fluid may be sodium carbonate, citric acid or any 
other known disinfection fluid. Pumps 62 and 61 are operated to 
circulate the water in the circuits. Finally, pump 60 is oper- 
ated to infuse disinfection fluid into the water until a suffi- 
cient disinfectant concentration has been obtained. The surplus 

10 water is rejected via relief valve 72 to the waste 73. Pump 62 
circulates the disinfection fluid through the complete sterili- 
sation device and the outlet 59 is connected to the inlet 58 
via line 84 to complete the circuit. The disinfection fluid may 
Q be left in the machine until the next use. Before the next use, 

15 the machine is rinsed with pure water via inlet 58 from the 
hi source of RO-water. 

r\ Descaling with citric acid or other descaling agent is 

yj performed in the same manner. 

^ In order to avoid dripping from the connectors, the inlet 

20 p connectors 56, 57 and 58 and the outlet connector 59 are posi- 
4= tioned at the highest position of the flow path and at the same 
i=i level . 

O The machine may be emptied by opening all inlets 56, 57 

'"and 58 and the outlet 59 and by opening the relief valve 72, 
25 which is positioned at the lowest point of the flow path and 
allowing air to enter all lines and devices. 

During chemical disinfection and/or descaling, the heater 
65 may be turned off or adjusted to heat the fluid to a low 
temperature. The flow restrictor 70 may be opened. 
30 In heat sterilisation, the fluid in the entire circuit is 

heated to 121°C and circulated for at least 20 minutes to 
obtain sterilisation of the entire circuit. In this case, 
pressure relief valve 72 is operated to permit a pressure of 2 
Bar, thereby preventing boiling of the water in the circuit at 
35 121°C, 

The same or a similar procedure may be used for sterilis- 
ing the flow path of the sterilising device. The fluid circuit 
is arranged for a treatment with all connectors inserted in 
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respective bore 32 in the non-engaged position. The circuit is 
full with water, which is circulated by pump 62. Flow restric- 
tor 70 is opened and relief valve 72 is adjusted to a pressure 
of 2 - 3 Bar absolute pressure. First inlet connector 56 is 
operated to connect the vessel 51 to the circuit. Then, pump 60 
is operated to introduce some fluid (electrolyte fluid) in the 
circuit until the pressure reaches about 2-3 Bar absolute 
pressure. Since the fluid circuit is relatively non-compliant, 
the volume of fluid introduced is very small. Then, the heater 
is activated to heat the water present in the circuit to a 
temperature of 121°C and the circulation continues for 20 
minutes or longer, until sterilisation is obtained. Pump 61 is 
operated simultaneously to sterilise the circuit comprising 
inlet connector 57 . 

After sterilisation has been obtained, RO inlet 58 is 
activated to connect RO-unit 53 to the circuit and at the same 
time disconnect bypass line 84. Pump 60 is stopped, and heater 
65 is activated. Flow restrictor 70 is activated and pressure 
relief valve 72 is adjusted to the normal value of 150 mmHg 
overpressure. Thus, sterile water is produced and delivered to 
the waste 73 via relief valve 72, Then, the second inlet is 
activated to connect vessel 52 and pumps 60 and 61 are operated 
to provide a PD fluid. When stable conditions are obtained, the 
outlet 59 is activated to deliver sterilised fluid to the 
heater bag. 

During the drain and fill phases of the PD cycler, the 
sterilising device may continue to produce PD fluid. However, 
since the valve unit is closed, the PD fluid produced is di- 
rected to the waste 73 via relief valve 72. Since the drain and 
fill phases may last up to 20 minutes or more, a considerable 
amount of PD fluid is wasted. To minimise such waste, pumps 60 
and 61 may be stopped during the periods when the heater bag is 
not being filled, and the sterilising device is only producing 
and wasting sterile water. 

The first and/or second concentrates may comprise the same 
substances or components as mentioned above, however, with the 
contents of the first vessel 51 concentrated by omitting some 
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of the water. The contents of the first vessel may be concen- 
trated for example 30-40 times. 

In an alternative embodiment, the PD fluid is intended to 
comprise bicarbonate instead of or in addition to lactate. 
Calcium cannot be included in the same vessel as bicarbonate, 
because of the risk of precipitation of calcium carbonate. In 
that case, the calcium chloride may be included in the second 
vessel 52 in a suitable concentration. The calcium concentra- 
tion will then be proportional to the glucose concentration, 
which may result in a calcium neutral PD fluid. Another advan- 
tage of including the calcium ions in the second vessel is that 
scaling of the pipe system is avoided before the mixing point 
67, and the requirement for descaling would decrease. 

Each of the sterilisable connectors may be replaced by a 
conventional connector device and a three way valve of conven- 
tional type, as shown in more detail in Fig. 3, which shows an 
alternative embodiment of the invention. 

Fig. 3 shows an alternative design of a mixing system 
delivering the mixed fluids in parallel through the residence 
device. Fig. 3 shows only the right-hand portion of Fig. 2 to 
the right of pump 62 and pressure sensor 70. The left-hand 
portion may be identical to the embodiment of Fig. 2. The same 
components as in Fig. 2 have received the same reference numer- 
als but adding 100 to the reference numbers. Thus, there is 
shown a heat exchanger 164 comprising a primary circuit 164a 
and a secondary circuit 164b and a pump device 164c. An elec- 
trolyte solution or pure water is conducted through line 18 9 
through heat exchanger primary circuit 164a and a second heater 
165, for example an electric heater controlled by a temperature 
sensor 169. 

A first bag 152a comprising a heat sensitive first compo- 
nent such as glucose is connected via a connector 192a to a 
three-way valve 157a. The first component passes from the 
three-way valve 157a to a pump 161a and further to a mixing 
point 167a, in which the first component is heated to 141°C by 
mixture with a heated electrolyte component, having a tempera- 
ture sufficient for promoting such heating by mixing, the 
temperature being for example 155°C. The mixing temperature is 
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controlled by a temperature sensor 169a, which operates a 
throttle valve 193a arranged before the mixing point 167a. By 
throttling the valve 193a, a sufficient flow rate for obtaining 
said temperature is adjusted. 

A second bag 152b comprising a heat sensitive second 
component, such as amino acids, is connected via a connector 
192b to a three-way valve 157b. The second component passes 
from the three-way valve 157b to a pump 161b and further to a 
mixing point 167b, in which the second component is heated to 
141°C by mixture with a heated electrolyte component, having a 
temperature sufficient for promoting such heating by mixing, 
the temperature being for example 155°C. The mixing temperature 
is controlled by a temperature sensor 169b, which operates a 
throttle valve 193b arranged before the mixing point 167b. By 
throttling the valve 193b, a sufficient flow rate for obtaining 
said temperature is adjusted. 

The two heat sensitive components heated to sterilising 
temperature by mixture with the electrolyte component are 
handled in parallel in two separate lines 194a and 194b, which 
pass in parallel through the residence device 168, the pre- 
cooler 191, if present, and to heat exchanger secondary circuit 
164b. After cooling in the heat exchanger, the two fluids are 
mixed in a Y-connector 195 before entering the restriction 
device 70, see Fig. 2. The bags 152a and 152b are weighed and 
when a sufficient amount of fluid has been taken out from each 
bag, valve 157a and/or valve 157b are switched to stop the flow 
of first and/or second components from bags 152a, 152b, respec- 
tively. 

During sterilisation, the three-way valves 157a and 157b 
are connected according to the broken lines in Fig. 3, in order 
to pass fluid, by means of pumps 161a and 161b in the fluid 
lines to and from the three-way valves 157a and 157b via lines 
190a and 190b. 

It is realised that more than two heat sensitive compo- 
nents may be handled in parallel by adding further bags 152 and 
further lines 194. Of course, the same procedure may be adopted 
for components which are less heat sensitive, to obtain a 
simple system, whereby the electrolyte component may be re- 
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placed with pure water, and thus, the electrolytes may be added 
one by one or several at a time. 

A further alternative embodiment of the invention is shown 
in Fig. 5. From the left, the device 100 comprises a connector 
5 101 for connection to a source of pure water, such as an RO- 
unit (not shown) . The device further comprises three concen- 
trate connectors 102, 103 and 104, which may be integrated into 
a single connector device. Each of connectors 102, 103 and 104 
connects to a vessel or bag comprising a concentrate, such as a 
10 first bag 105 comprising a concentrated bicarbonate solution, a 
second bag 106 comprising electrolytes, such as sodium chlo- 
ride, magnesium chloride, calcium chloride, and sodium lactate, 
at a predetermined pH, and a third bag 107 comprising glucose 
J at a concentration of 50%. Of course, the bags include the 
ISO components necessary for the final solution as discussed in 
; %j more detail below. The components are divided into separate 
SI bags because they cannot be stored together or they cannot be 

sterilised together, or for other reasons. 
* Alternatively, one or more of the vessels or bags 105, 

2P 106, 107 may comprise a powder instead of a solution in which 
ljl case appropriate dissolution means may be provided. 
Uj Conveniently, the bags 105, 106 and 107 are combined into 

^ a single assembly. The combined assembly of bags is attached to 
a weighing device 108, so that the weight of the assembly is 
25 monitored. The connectors 102, 103 and 104 are attached to the 
ends of flexible tubes of PVC or other suitable pliable mate- 
rial, so that the connectors and tubes do not significantly 
influence the weight of the assembly. 

The RO inlet connector 101 is connected to a line system 
30 including a first inlet line 109. Inlet line 109 is provided 

with a inlet valve 110, to isolate the device 100 if required. 
Inlet valve 110 is normally closed, but is opened upon activa- 
tion by a control device 111 shown by broken lines. The control 
device may be a computer or microprocessor or any other control 
35 device. Normally, it is the control computer of the complete 
device . 

Inlet line 109 further comprises a heater 112 and a tem- 
perature sensor 113, which operate together to adjust the 
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temperature of incoming pure water to a predetermined tempera- 
ture of e.g. 25°C, in order to make the device independent of 
incoming water temperature. 

Inlet line 109 further comprises a flow meter 114 for 
measuring the complete inlet flow through inlet connector 101, 
for a purpose to be described later. 

Downstream of flow meter 114, inlet line 109 is divided 
into water line 115 and concentrate line 116. Water line 115 
comprises a first pump 117 for increasing the pressure of the 
water in water line 115 downstream of the pump to a pressure of 
2— 6 Bar absolute pressure. The pressure is measured by a 
first pressure sensor 118 and monitored by a second pressure 
sensor 119. The first pressure sensor 118 is connected to the 
control system of computer 111, while the second pressure 
sensor 119 is connected to a parallel supervising system for 
ensuring the safety of the system. Several of the sensors are 
duplicated in this manner to provide independent data to the 
supervisory system or processor, even if not explicitly indi- 
cated in the drawings. 

Water line 115 further comprises a valve 120 and a primary 
circuit of a heat exchanger 121. In the heat exchanger, the 
water in water line 115 is heated from about 25°C to about 
131°C in heat exchanger 121, at a flow of about 120 ml/min. The 
temperature of the heated water is monitored by temperature 
sensor 122. Finally, water line 115 comprises a second heater 
123, for heating the water to a still higher temperature, such 
as about 14 5°C. The hot water is delivered to a mixing point 
124. 

In concentrate line 116, there is a valve 125 for connect- 
ing the normally closed concentrate line 116 to water line 115. 
Further downstream, concentrate line 116 comprises three con- 
centrate valves 126, 127 and 128 and a reversible second pump 
129. The second pump 129 is arranged to withdraw concentrate 
solutions or fluids from any one of concentrate bags 105, 106 
or 107 depending on the positions of valves 126, 127 and 128. 
The second pump 12 9 further increases the pressure of the fluid 
in concentrate line 116 to a pressure of 2 - 6 Bar absolute 
pressure . 
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Downstream of second pump 129 is arranged a valve 130, and 
therefrom, the concentrate fluid is delivered to a second 
primary circuit of heat exchanger 121 in order to preheat the 
concentrate solution from e.g. room temperature to about 131°C. 
5 From heat exchanger 121 , the concentrate solution is delivered 
to mixing point 124. 

Upstream of the second pump 129 is arranged a temperature 
sensor 131 for measuring the temperature of the incoming con- 
centrate fluid, and downstream of the second pump is arranged a 
10 pressure sensor 132 for measuring that sufficient pressure has 
been obtained. As indicated before, these sensors may be dupli- 
cated for supervisory purposes. 

In mixing point 124, the two fluid lines 115 and 116 are 
joined so that the heated water in line 115 is mixed with 
iSi preheated concentrate in line 116, and the mixture is trans- 

ported in mixed fluid line 133. Mixed fluid line 133 comprises 
%J a residence device 134, normally being a length of tube of a 
jJJ length to produce a predetermined residence time at a predeter- 
s mined rate of flow to effect sterilisation of the fluid in the 
2^§f residence device 134. The residence device 134 is preceded by a 
temperature sensor 135 and followed by a temperature sensor 
yj 13 6. These temperature sensors control the heater 123 to ensure 
that sterilising conditions are obtained in the residence 
device 134, such as a minimum temperature of 141°C for 12 
25 seconds. 

From the residence device 134, the sterilised and mixed 
fluid is passed to the secondary circuit of heat exchanger 121, 
at a temperature of approximately 141°C. The sterilised fluid 
is rapidly cooled to about 37°C. 

30 Downstream of the heat exchanger, mixed fluid line 133 

comprises sterilised fluid at a temperature suitable to be 
delivered to a patient or a storage bag. The temperature is 
monitored by a temperature sensor 137. Finally, a valve 138 
directs, when activated, the fluid to an outlet connector 139, 

35 via a restrictor device 14 0, for lowering the pressure to 
atmospheric pressure. 

The restrictor device may be a small hole in a piece of 
metal, the hole being dimensioned to reduce the pressure from 6 
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Bar to 1 Bar at the desired flow rate of, for example, 140 
ml/min. An alternative design would be to use a controllable 
throttle valve, which is controlled by the processor in depend- 
ence of pressure sensor readings. A third alternative would be 
5 to use a throttle device or the pressure relief type, which 

adjust the differential pressure over the throttle device to a 
predetermined pressure drop of, for example, 5 Bar. A fourth 
alternative would be to use a throttle device controlled to 
deliver fluid at an output pressure of no more than a predeter- 
10 mined safe pressure of, for example, 1.25 Bar, in which case 
the pumps are operated to ensure that the pressure before the 
throttle device is sufficiently high, for example 6 Bar. 

It is noted that the on-line autoclave as described is 
S always operated at a predetermined minimal flow rate of not 
15*jy less than a predetermined flow rate, for example 120 ml/min, in 
r™: order to ensure that the autoclave is maintained sterile. As 
SI soon as the flow rate drops below said predetermined minimum 

flow rate, the sterility conditions may be hampered or the 
B autoclave may not be controlled to operate at proper tempera- 
20O tures. The autoclave may be designed to operate different flow 
y: rates above said minimum flow rate. In order to always maintain 
yj a minimal flow rate, any excess fluid produced is sacrificed to 
the waste. 

If the mixed and sterilised fluid cannot be delivered out 
25 via the output connector 139, a valve 141 is activated to 
deliver the fluid to a sump or waste via a waste line 142. 
Waste line 142 further comprises a primary circuit of a second 
heat exchanger 143, a pressure sensor 144, a restrictor device 
145 and a valve 146 until the fluid is delivered to the waste 
30 147. A temperature sensor 148 arranged upstream of heat ex- 
changer 143 and another temperature sensor 14 9 arranged down- 
stream of valve 14 6 are used to measure the temperatures of the 
waste fluid. 

The device according to Fig. 5 may be operated in differ- 
35 ent modes. One mode of operation will be described below, 
namely sequential delivery of the components of the final 
fluid. It is, however, understood that the device may operate 
as described in connection with Fig. 2 as well. 
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In the sequential operation mode, water is first delivered 
in. inlet line 109 at a constant rate of 120 ml/min from inlet 
connector 101, via flow meter 114 , in which the flow rate is 
monitored, and via water line 115 and via first pump 117 to 
raise the pressure so that the boiling temperature of the fluid 
is above the temperature anywhere in the circuit. If the maxi- 
mum temperature is about 150°C, the pressure should be above 
4.8 Bar or preferably about 6 Bar absolute pressure. The exact 
pressure is dependent on the adjustment and operation of re- 
striction device 140. The water further passes the mixing point 
124 and enters the mixed fluid line 133 and reaches valve 138, 
which directs the flow to waste line 142, via valve 141 and 
further to the sump. The outlet connector 13 9 is connected to a 
recipient, normally a bag, such as a heater bag described 
below. 

When all conditions are checked and the device delivers 
sterilised water, valve 138 is switched to direct the steril- 
ised water to the outlet connector 139 via restrictor 140. 

Substantially at the same time, or shortly thereafter, 
valve 127 in concentrate line 116 is opened and concentrate 
pump 12 9 is activated, with valve 130 in an open condition, to 
pump concentrate fluid from electrolyte bag 106, via heat 
exchanger 121 to mixing point 124. The concentrate pump 130 is 
operated to provide a flow rate of approximately 20 ml/min. At 
the same time, the weight of the concentrate assembly is moni- 
tored by weighing device 108. If the intention is to provide 1 
litre of final solution and the concentrate fluid in bag 106 
has a concentration of 1:40, the flow is continued for about 1 
minute and 15 seconds, until the weighing device indicate that 
a volume of 25 ml has left the bag 10 6, whereby 25 ml is the 
amount required from concentrate bag in 1 litre of final fluid 
(1:40) . 

Then, valve 127 is switched off and valve 125 is opened 
for a short time, such as 15 seconds, to rinse the concentrate 
line 116. 

For including the second concentrate, which may be glu- 
cose, bag 107 is connected to the concentrate pump by closing 
valve 125 and opening valve 128. If the glucose concentrate 
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fluid has a concentration of 50%, the concentrate pump is 
driven 1 minute per percent concentration to be required in the 
final fluid at 20 ml/min. If 4% is required, which is the 
maximum contemplated for a PD fluid, the glucose concentrate is 
dosed in 4 minutes. 

After this step, the concentrate line 116 is again rinsed 
with water, for example for 15 seconds. 

Thereafter, the bicarbonate bag 105 is connected. The 
bicarbonate is normally stored at a concentration of about 1000 
mmol/1. First, valve 125 is closed and valve 126 is opened so 
that concentrate pump 130 pumps bicarbonate fluid out of bag 
105. The flow rate may be the same, 20 ml/min, and the mixing 
and sterilisation of bicarbonate fluid is discontinued when the 
weighing device determines that the required quantity has been 
removed from bag 105. If the final solution should contain 15 
mmol/1, the concentrate pump is operated for 4 5 seconds to take 
15 ml of concentrated bicarbonate solution out of bag 105. 

Finally, the concentrate line is rinsed once again and 
water is delivered to the outlet connector, until the final 
volume of fluid has been delivered to the bag connected at the 
outlet connector, which is determined by flow meter 114 in 
combination with the weight losses measured by weighing device 
108 and calculated into volumes by computer 111, taking into 
account the different densities of the concentrate fluids. 

This final filling of water also means that the mix of 
fluid in the bag connected to the outlet connector is agitated 
and mixed thoroughly* 

During the complete sterilisation process described above, 
valves 138 and 141 are maintained in the same position direct- 
ing all fluid to the outlet connector 139. Thus, all fluid 
produced is delivered to the receiver, thereby minimising the 
time required for the preparation of the complete fluid. 

In the example above, 1 litre of final solution has been 
prepared, but in PD it is more normal that 2 litres are gener- 
ated each time, or any other volume as required by the user. 

It is contemplated that the concentrate fluid bags may 
include concentrate fluid required for a final fluid volume of 
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12 - 25 litres or more if required- Then, the above sequence is 
repeated for each batch of 2 litres to prepare. 

In certain applications for PD, bicarbonate is not used, 
but lactate is used as the sole buffer. In that case, the third 
5 bag in the concentrate assembly is unnecessary, and only two 
bags may be used. In that case, valve 126 is always closed. 

To prepare one batch of 1 litre (1,5% glucose concentra- 
tion) , takes about 7 minutes and 4 5 seconds, supposing that the 
RO unit delivers pure water at 120 ml/min and 25 ml electro- 
10 lytes, 15 ml bicarbonate and 30 ml glucose are used. Thus, the 
waiting time between each PD exchange of about 2 litres has to 
■ be more than 15,5 minutes. This might be limiting in some 
circumstances as appears from an explanation of the drain and 
^ fill phases of a PD treatment below. 
lSK In Fig. 6 is schematically shown a PD cycler 200 intended 

Wi to be used in the present invention. The PD cycler comprises a 

pressure chamber 201 enclosing a heater bag 202 and a waste bag 
W 203. The heater bag 202 is connected to the outlet connector 
139 of fluid sterilisation device 100 of Fig. 5 for receiving a 
2 CO fresh sterilised fluid for introduction into heater bag 202. 

Heater bag 202 is connected with connector 139 via a first tube 
m 204 ending with a connector 205 mating with connector 139 and 
Q comprising a valve 206. A second tube 207 connects heater bag 

202 with a connector 208 to a patient (not shown) and the 

25 second tube 207 is controlled by a second valve 209. A third 
tube 210 connects the patient connector 208 to the drain bag 

203 via a third valve 211- Finally, a fourth tube 212 connects 
drain bag 203 with a waste line 213 via a valve 214. Heater bag 
202 and drain bag 203 rest on scales 215 which monitor the 

30 combined weight of the two bags. 

The operation of the PD cycler as schematically disclosed 
in Fig. 6, appears from the diagram of Fig. 7. The diagram 
indicates the fluid volumes of the heater bag and drain bag 
during the different phases. 

35 After priming, which is more closely described below, the 

first phase of the treatment is a drain phase, at the start of 
which the heater bag is full of fluid, normally about 2,4 
litres, and the drain bag is empty. The patient is connected 
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and the third valve 211 is opened and a subpressure is exerted 
in pressure chamber 201. Fluid is withdrawn from the patient 
into drain bag 203 at a flow rate depending on the patient and 
the subpressure, normally from 150 - 300 ml/min. When the 
peritoneal cavity of the patient is almost empty, which may be 
indicated by a decrease of the drain flow as measured by the 
scales 215, the drain phase is terminated. The drain phase is 
normally 7-10 minutes. 

The second phase is a fill phase, in which the peritoneal 
cavity of the patient is filled with fresh fluid contained in 
heater bag 202. An overpressure is exerted in pressure chamber 
201 and valve 209 is opened, while the other valves are closed. 
The fill flow rate depends on the patient and the overpressure 
and may be 150 ml/min. The fill phase is normally 10 - 15 
minutes . 

The third phase is the empty drain bag phase, in which an 
overpressure is exerted in the pressure chamber 201 and valve 
214 is open. The fluid in the drain bag is directed to a waste 
line 213. The volumes are always monitored by the scales 215. 
The third phase may be about 2 minutes, since a high overpres- 
sure may be used and the flow restriction is minimal. 

The fourth phase is heater bag fill with valve 206 open. 
In this case, normally a subpressure is exerted in the pressure 
chamber 201. Fluid is received from the sterilising device 100 
connected to connector 205 at a flow rate of about 120 ml/min. 
The fourth phase is normally* 15 - 17 minutes. 

Thus f a complete cycle is 34 - 44 minutes. During a night 
treatment of 8 hours, it is possible to exchange 22 - 28 
litres, in batches of 2 litres. 

If it is desired to increase the fluid volume further, the 
times in the different phases have to be shortened. It is noted 
that the heater bag fill time of 15 - 17 minutes could be 
shortened by increasing the flow rate of fluid from steriliser 
100. However, increasing the flow rate means considerable cost 
increases . 

Instead it is noted that the flow rate of the fluid deliv- 
ered from steriliser 100 is monitored by the steriliser by flow 
meter 114 and weighing device 108. Thus, it is possible to fill 
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the heater bag during (part of) the drain cycle as indicated by 
the broken line 216 in Fig. 7. This is done by opening valve 
211 during the heater bag fill phase, before the heater bag 
fill phase is terminated, such as 10 minutes in advance. If the 
drain phase is terminated before the heater bag is filled, the 
drain phase has to be continued until the heater bag filling is 
completed. However, it is no drawback to continue the drain 
phase longer, since that only results in some further fluid 
being drained, which normally is an advantage. Since the flow 
from the steriliser is known, the PD cycler still has full 
control of the flow by using the reading from the scales and 
subtracting the inflow from the steriliser. In this way, almost 
the complete drain phase can be saved in the cycle time, i.e. 
up to 10 minutes. 

Another way of saving time is to fill the heater bag 
during the empty drain bag phase. It is recognised that the 
pressure chamber needs to have an overpressure to empty the 
drain bag. However, the sterilising device is able to deliver 
sterilised fluid under a slight overpressure. Thus, if valve 
214 is open to pass fluid to the waste and valve 206 is open to 
allow fluid to enter the heater bag, and if there is an over- 
pressure inside the pressure chamber, the heater bag may be 
filled during the empty drain phase. Moreover, the pressure 
does not need to be reversed during the rest of the heater bag 
fill cycle, which normally is considerably longer than the 
empty drain bag phase. In this operation mode, it is still 
possible to keep accurate control over the ultrafiltration, 
since the volume of fluid drained from the patient and the 
volume of fluid filled into the patient are under full control 
of the mass balance device 215. 

If the cycle time needs to be further shortened, that is 
possible by the addition of a storage bag in the line set as 
indicated in Fig. 8. It is noted that the steriliser has to 
direct the sterilised fluid to the waste 147 during the second 
phase filling the patient, when valve 206 is closed, as well 
under the third phase emptying the drain bag. 

In Fig. 8, the same components as in Fig. 6 have received 
the same reference numeral starting with 3 instead of 2. The 
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inlet tube 304 is provided with a branch line 316 ending in a 
storage bag 317. When valve 306 is closed during the first, 
second and third phase, the steriliser 100 delivers PD solution 
into storage bag 317 via tube 316. The heater bag 302 may then 
5 be filled much faster from the storage bag 317 compared to the 
embodiment of Fig. 6. Thus, the heater bag fill phase may be 
reduced to 2 minutes or less. The efficiency of the complete 
device becomes dependent only on the cycler and its capacity to 
drain and fill the patient. The surplus time is merely 4 min- 
10 utes, 2 minutes for emptying of the drain bag and 2 minutes for 
filling the heater bag. The procedure has to be controlled if 
the steriliser is operated in the sequential mode as described 
in connection with Fig. 5, since the filling of heater bag has 
J; to start only when the concentrations are correct in storage 
15& bag 317, i.e. after the completion of a complete fill cycle 
from the steriliser. 
*M The storage bag may also be used as an entry point for 

2f addition of medicaments or other additions, like insulin, 
s antibiotic drugs, potassium chloride etc. 
2C& It is recognised that the PD solution produced according 

s\ to the steriliser in Fig. 5 will produce sterile bicarbonate 
m fluid and enter it in the storage bag 317, and then produce 
5~j sterile glucose solution and subsequently enter that in the 

storage bag 317. Since the glucose fluid has a low pH, some of 
25 the bicarbonate will react and form carbon dioxide, which may 
be released as a gas. Thus, storage bag 317 is provided with a 
valve and tube arrangement 318 to indicate when there is sur- 
plus gas in the storage bag 317 and expel it to the atmosphere. 
Another means for doing the same would be to include a sterile 
30 filter or hydrophobic filter at the top of storage bag 317. The 
gas may be expelled in a time interval when outlet valves 138 
and 14 0 are opened (the position shown in Fig. 5) and pressure 
chamber 301 has an overpressure and valve 306 is open to exert 
an overpressure into storage bag 317 and expel gas therein. 
35 In the above example indicated in connection with Fig. 5, 

the bicarbonate concentrate was sterilised at a concentration 
of about 140 mmol/litre (1000x20/140} . However, there is a risk 
that carbon dioxide is formed during heat sterilisation at such 
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a concentration, and thus, the concentrate pump may be operated 
at a lower speed during sterilisation of bicarbonate fluid. 

In Fig. 5, the concentrate fluid is preheated to quite a 
high temperature. This is performed in an efficient heat ex- 
5 changer 121 in which the heating fluid is the final sterilised 
fluid in the secondary circuit of the heat exchanger. Thus, the 
heat exchanger cannot have any point with higher temperature 
than the sterilising temperature, and decomposition of the heat 
sensitive component is minimised. The further heating to the 
10 final sterilisation temperature, i.e. from about 131°C to about 
141°C takes place by the method of mixing with a fluid having a 
slightly higher temperature. Thus, the heat sensitive fluid 
component is never exposed to harsh conditions, such as hot 
points having excessive high temperatures, as may appear in an 
llP electric heater 123. Thus, favourable conditions for less 
Q formation of degradation products are obtained. The temperature 
~H difference between the primary and secondary circuits of the 
S heat exchanger is about 10°C, which is possible to obtain 
s without excessive long residence times in the heat exchanger. 
2tf In Fig. 5, there is a circuit not previously described for 

M sterilising the equipment before use. In water line 115, a 
|LJ parallel circuit to valve 120 and heat exchanger 121 is ar- 
m ranged comprising valve 150 and the primary circuit of heat 

exchanger 143. When heat disinfection of the complete steril- 
25 iser 100 is to be performed before a treatment, valve 120 is 
closed, valve 150 is opened and heater 123 is operated. The 
water passes from pump 117 via valve 150 to heat exchanger 143 
and further to heater 123 to be heated to a temperature of, for 
example, 141°C. The hot water passes heat exchanger 121 but is 
3 0 not cooled appreciably since the primary circuit of exchanger 
121 is disconnected and has no flow. The hot water after heat 
exchanger 121 passes through line 133 and via valves 138 and 
141 to heat exchanger 143 to give off its heat to the water 
passing at the primary side thereof. Finally, the water is 
35 discharged to the waste via restrictor device 145, which lowers 
the pressure from about 2-6 Bar to atmospheric pressure. 

Thus, the on-line autoclave is self -sterilised and is 
ready for producing PD fluids. The self-sterilising step may 
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be performed in about 30 minutes and is initiated under program 
control to happen shortly before the start of a PD treatment, 
which is scheduled in advance by a patient. When the self- 
sterilisation process is ready, the machine awaits the arrival 
5 of the patient, which connects a disposable set, such as set 
200 or 300 to the outlet connector 139. Then, the device pro- 
duces a quantity of sterile treatment fluid into heater bag. 
However, before the patient is connected to connector 208, the 
tubes should be filled with fluid to displace the air therein. 
10 This is performed by attaching the connector 208 to a hook or 

attachment device on the cycler at approximately the same level 
as the heater bag. Then, valve 209 is opened to allow fluid to 
flow through tube 207 to patient connector 208. Then, the 
™ connector 208 is ready for connection to the patient. 
130 It is appreciated that the priming procedure described 

™ above takes about 20 minutes, since the heater bag must be 
%| filled with 2 litres of solution. If this time is too long for 

the patient to wait, it is possible to perform a partial fill 
e of the heater bag with for example 5 dl solution produced in 4 
2 CM minutes, and use this volume of fluid to prime the tubes and 
'y, displace the air. Then, the patient may connect himself to the 
y] connector 208 already after 4 minutes of priming and then go to 
Srf bed, while the machine produces the first fill volume. It is 
noted that there is normally 2 - 4 dl of solution left in the 
25 heater bag, in order to prevent complete emptying of the heater 
bag, because there is often some air or gas in the top of the 
heater bag, which should not be delivered to the patient. The 
first priming solution may be different from the treatment 
solution, for example comprising physiological sodium chloride. 
30 Several embodiments of the invention have been described 

above with reference to the enclosed drawings. It will be 
realised that the different features may be combined in differ- 
ent manners than indicated and such other combinations are 
within the scope of the invention. The invention is only lim- 
35 ited by the appended patent claims. 
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PATENT CLAIMS 

5 1. A method of sterilising a heat sensitive fluid, 

characterised by: 

providing the fluid as a first component, which is heat 
sensitive, and a second components- 
heating the second component to a first temperature higher 
10 than a predetermined sterilising temperature; 

mixing the first component with the second component to 
thereby heat the first component and cool the second component, 
whereby the mixed components obtain a mixing temperature, which 
is at least equal to said sterilising temperature; 
15=0 maintaining said mixed components at substantially said 

zf: sterilising temperature during a sterilisation time so that a 
%! predetermined sterilisation dose is obtained; and 
w delivering said mixed component to a recipient. 

2. A method as claimed in claim 1, characterised by 
2 CD controlling the step of heating to the first temperature 

to obtain a mixing temperature, which is at least equal to said 
tfl sterilising temperature. 

ir 5 3. A method as claimed in claim 1 or 2, characterised by 

cooling said mixed components before delivery to said 
25 recipient - 

4, A method as claimed in claim 1, 2 or 3, characterised 
in that said first component comprises glucose or a glucose 
polymer. 

5, A method as claimed in any one of the previous claims, 
30 characterised in that said second component comprises water. 

6, A method as claimed in claim 5, characterised in that 
said second less heat sensitive component comprises water and 
includes electrolytes, selected from the group of substances 
comprising: sodium chloride, calcium chloride, magnesium chlo- 

35 ride, potassium chloride, sodium bicarbonate and sodium lac- 
tate. 

7* A method as claimed in any one of the previous claims, 
characterised in that said first component is preheated. 
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8. A method as claimed in any one of the previous claims, 
characterised in that said first and second components are 
maintained at a high pressure sufficient to prevent boiling of 
the fluids . 

9. A method as claimed in any one of the previous claims, 
characterised in that said first and second components are 
provided as flows of fluid. 

10. A method as claimed in claim 9, characterised in that 
the flow rate of the second component is larger than the flow 
rate of the first component. 

11. A method as claimed in claim 9 or 10, characterised by 
determining the flow rate with a weighing device or a flow 
meter and increasing the pressure by a pump. 

12. A method as claimed in any one of claims 9 - 11, 
characterised by sequentially sterilising several fluid compo- 
nents of a complex fluid. 

13. A method as claimed in claim 12, characterised by 
providing sources of concentrated fluid components and 

pure water; 

pumping a first concentrated fluid from said sources of 
concentrated fluids, to increase the pressure thereof; 

pumping pure water to increase the pressure thereof and 
heating said pure water to said first temperature; 

mixing said first concentrate and heated pure water and 
maintaining the mixed fluids at a sterilising temperature for a 
sterilising time to effect sterilisation; 

delivering said sterilised and diluted concentrate fluid 
to a recipient; 

repeating the above method steps for each of the concen- 
trated fluid components, to provide the final complex fluid in 
the recipient. 

14. A method as claimed in claim 13, characterised in that 
said concentrated fluid is preheated before being mixed with 
the heated water. 

15. A method as claimed in claim 14, characterised in that 
said preheating is performed in a heat exchanger by heat recov- 
ery from the sterilised fluid, which is cooled thereby. 
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16. A method as claimed in claim 15, characterised in that 
said second fluid is first preheated by heat recovery in a heat 
exchanger from the sterilised fluid, which is thereby cooled, 
and is further heated to said first temperature by a separate 
heating device, such as an electric heater. 

17. A method as claimed in claim 16, characterised in that 
said further heating by a separate heating device is controlled 
by a temperature sensor positioned downstream of the maintain- 
ing step, to ensure that sterilising temperature is obtained. 

18. A method as claimed in any one of the previous claims, 
characterised by dissolving at least one powdered substance in 
water to form at least one of the first and second components. 

19. A method as claimed in any one of the previous claims, 
characterised by providing the fluid as third component, which 
is heat sensitive, in addition to said first and second compo- 
nents . 

20. A method as claimed in claim 19, characterised in that 
the third component comprises water and at least one amino 
acid. 

21. An apparatus for sterilising a heat sensitive fluid, 
characterised by: 

a first vessel enclosing a first component, which is heat 
sensitive, and a second vessel for enclosing a second component 
of said heat sensitive fluid; 

a first heating device (6) for heating the second compo- 
nent to a first temperature higher than a sterilising tempera- 
ture; 

a mixing device (8) for mixing the first component with 
the second component to thereby heat the first component and 
cool the second component, whereby the mixed components obtain 
a mixing temperature, which is at least equal to said sterilis- 
ing temperature; 

a residence device {9, 10) for maintaining said mixed 
components at said sterilising temperature during a sterilisa- 
tion time so that a sterilisation effect is obtained; and 

a delivery device (20) for delivering said mixed component 
to a recipient. 
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22. An apparatus as claimed in claim 21, characterised by 
a control device (16, 19) for controlling the heating 
device to obtain a mixing temperature, which is at least equal 
to said sterilising temperature. 
5 23. An apparatus as claimed in claim 21 or 22, character- 

ised by 

a cooling device (13) for cooling said mixed components 
before delivery to the recipient. 

24. An apparatus as claimed in claim 21, 22 or 23, charac- 
10 terised in that said first heat sensitive component comprises 

glucose or a glucose polymer. 

25. An apparatus as claimed in any one of claims 21-24, 
characterised in that said second less heat sensitive component 

O comprises water. 

15 ~% 26. An apparatus as claimed in claim 25, characterised in 

yjthat said second less heat sensitive component comprises water 
Jland includes electrolytes, selected from the group or sub- 
yjstances comprising: sodium chloride, calcium chloride, magne- 
y -sium chloride, potassium chloride, sodium bicarbonate and 

20 p sodium lactate. 

*P 27. An apparatus as claimed in any one of claims 21 - 26, 

I ^characterised by a preheating device (22) for preheating said 
■pfirst component. 

%u 28. An apparatus as claimed in any one of claims 21 - 27, 

25 characterised by a pressurising device (5, 7, 20) for maintain- 
ing said first and second components at a high pressure suffi- 
cient to prevent boiling of the fluids. 

29. An apparatus as claimed in any one of claims 21-28, 
characterised in that said first and second components are 

30 flows of fluid. 

30. An apparatus as claimed in claim 29, characterised in 
that the flow rate of the second component is larger than the 
flow rate of the first fluid flow component. 

31. An apparatus as claimed in claim 29 or 30, character- 
'35 ised by a weighing device or a flow meter for determining the 

flow rate and pump devices for increasing the pressure. 
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32. An apparatus as claimed in any one of claims 29 - 31, 
characterised by a device for sequentially sterilising several 
fluid components of a complex fluid. 

33. An apparatus as claimed in claim 32, characterised by 
an assembly of bags (105, 106, 107) of concentrate fluids 

for providing sources of concentrated fluid components and pure 
water from an inlet (101) ; 

a concentrate pump (129) for pumping a first concentrated 
fluid from said sources of concentrated fluids, to increase the 
pressure thereof; 

^ water pump (117) for pumping pure water to increase the 
pressure thereof and a heating device (121) for heating said 
pure water to said first temperature ; 

a mixing device (124) for mixing said first concentrate 
and heated pure water and a residence device (134) for main- 
taining the mixed fluids at a sterilising temperature for a 
sterilising time to effect sterilisation; 

delivery means (139) for delivering said sterilised and 
diluted concentrate fluid to a recipient, such as a bag; 

control means (111) for controlling and repeating the 
above steps for each of the concentrated fluid components, to 
provide the final complex fluid in the recipient. 

34. An apparatus as claimed in claim 33, characterised by 
a preheater (121) for preheating said concentrated fluid before 
being mixed with the heated water. 

35. An apparatus as claimed in claim 34, characterised by 
a heat exchanger (121) for heat recovery from the sterilised 
fluid, which is cooled thereby. 

36. An apparatus as claimed in claim 35, characterised by 
a heat exchanger for preheating said second fluid by heat 
recovery from the sterilised fluid, which is thereby cooled, 
and a heater (123) for further heating to said first tempera- 
ture . 

37. An apparatus as claimed in claim 33, characterised in 

that said heater (123) is adapted to be controlled by a tem- 
perature sensor (13 6) positioned downstream of the residence 
device (134), to ensure that at least sterilising temperature 
is obtained. 
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38. An apparatus as claimed in any one of claims 21-37, 
characterised in that at least one of said first and second 
vessel comprises at least one powdered substance for dissolu- 
tion in water to form at least one of the first and second 

5 components - 

39. An apparatus as claimed in any one of claims 21-38, 
characterised by a third vessel comprising a third component, 
which is heat sensitive* 

40. An apparatus as claimed in claims 39, characterised in 
10 that the third component comprises water and at least one amino 

acid. 
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